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TOOLS AND THEIR USES

Introdoction

Tools and their uses are very important to a mechanic, Therefore,
the sukject of tonls is the logical starting peint of any maintenance trafming

"program.

The use of handtools and of portable power tools is basic fo any main-
tenance job classification, For the person who desires to become a skilled
mechanic it is essential for him to develop his abilities to properly select,
use, handle, and care for the hand and power tools made ayailable for him
to use in the performance of his work.

This chapter is designed to present, in a concise form, the basic
operations required for the performance of a wide variety.of jobs, Few jobs
consist of a single operation, but when the separate operations are properly
learned, it becomes a fairly simple matter to combine separate operations
2o as to meet the requirements of specific jobs. For example, the coverhaul
and repair of a damaged pump requires the knowledge of several operations;
measuring, threading, layout, cuttng to size, and use of a variety of tools,
The mechanic trainee who hag learned to do the individual operations should
have no trouble with the varicus combinations of operations necessary to
perform the overall job,

.The individual operations described in this chapfer cover the following
broad areas; measuring skills; layout skills such as testing, checking, and
setting; woodcutting slills; grinding and filing; and metal cutting skills, A
degcripton of how this chapter may be used to the best advantage by the
maintenance trainee is shown below:

- 1. When you are assigned a job that involves the use of any of the
handtools covered, study the text material relating to the operation
and study the illustrations.

2, 38tudy the description, illustration, general uses,-and maintenance
procedures for the tool or topls involved in the job,

3. If possible, practice each operatien for a few times, before starting
the job. Have an experienced mechanic check your performeance
aiter you have practiced esach operation.

4. As you perform in each skill area, keep track of your newly developed
proficiencies until you have successfully covered zll of the normal
aperations involving the use of handtools and portable power tools.
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5. Some of the hand or power tools described in this chapter may neither
be available nor needed in certain job classifications, Some of the operations
and slkills relating to the use of 2 particular tool may either be not permitied
or not accepted as standard practice in certain areas because of a conflict in
craft responsibilities, Always check with your supervisor in these doubtful
cases. :

5. The last step is careful practice, until you have mastered the wvariousg
skills involved, The end result must be that you become capable of perform-
ing the required operations, and of meeting the standards established by your
SUpPerviZOors.

Lemember--tools are a mechanic's best {riend if treated as such, but if
mistreated or misused through ignorance or carelessness, they will not only
be short-lived, but can prove to be dangerous adversaries.

MISTREAT US ... WILL YOU T



COMMON HANDTOOLS

There are certain tools that ace
comon ko many jobs. Regardless of
what your claszsification 1=, you
should become familiar with the common
tools and thefr uges, Sometime during
your careser you probably will be called
vpon to do a job where one or wore of
the tools discussed here will have to
be used.

HAMMERS

& toollkit would not be complete
without at least one hammer, and in
most cases two or Chree hammers are
incleded, Hammers are deasignated

o according to welght without the handle,
and style or shapa.

The shape will vary accarding tothe work for
which they are intended, For the purpose ofthis
discussion bammers will be broken Into three
elasses; machinist's hammers, carpenter’s
hammers, and mallets and sledges,

MACHINIST'S HEAMMERS

Machini=t's hbammers are used primarily by
people who workwith metal or arcund machinery.
Machinist's hammers maybe further divided into
two classifications _HARD-FACE and SOQFT-
FACE,

The hard-face hammer i3 made of forged tool
steel. The best general purpose machinist's
hammer Is the ball-peen bammer. {See {ig,
1-1-1.) The flatend of the head iz called the face.
Thiz end is used for most of the hammering jobs
vou will have. The other end of the hammer is
called the peen. The peen end iz smaller in di-
ameter than the face and 15 therefore usefu] for
Strilfing arcas that are too small for the face fo
enter. The peenisalsousefu] for hraddinge rivets.

Ball-peen hammers are matde in different
weights, usually 4, 6, 8, and 12 cunces ard 1,
11/2, and 2 pounds. For moast werk-a 1 1/2-

pound and a 12-ounce hammer will suffice. How-
aver, 2 4- or G-punce hammer will oftenbe 1sed
for light work apd especially useful for cutting
gaskets out of shest gasket material,

There are variations of the peening hammer
such as the cross-peen and the straight-peenas
shown in fig. 1-1-2.

The soft-faced bammers, used bypecpls who
a2re working with metalorarcund machinery, are
hammers that have a head made from brass,
lead, or 2 fightly rolled strip of ra whide. Plastic-
tfpped kammers, or aolidplastic witha lead core
for added weight, are becomins increasingly
popular.

Soft-faced hammers, (fig. 1-1-3) should be
used when there is danger of damaging the sur-
face of the wark, as whenpoumding on a machined
surface. Most soft-faced hammers have heads
that ran be replaced ag the need arises, Lead-
faced hzmmers, for Instance, quickly beconle
battered and must be replaced, but hawve the
advantaze of striking a solid, beavy nomrebound-
ing blow that is useful far sush jobs 25 driving
shafts Into or aut of tight holes, If a soft-faced
hammer is not availlable, the surface tobe ham-
mered may be pratected by covering it witha
piece of soft brass, copper, or hard wood,

Fizure 1-1-2.—Varifationg of the ball-peen
hammer.

Simple as the hammer is, there i= a right
and wrong way of using it. {See fig, 1-1-4.) The
most common fault is holding the handle too
close to the head. This is kmown as choking the
hammer, and reduces the force of the hlow. It
also roakes it harder to hold the head {n an up-
rizght position. Except for light blows, hold the
handle close to the and to increase the lever
arm and preduce a more effective blow, Try o
hit the object with the full face of the hammer.



HamMmmMER
FLASTIC TIP

HAMMER

BAASE HAMMER

Flgure 1-1-3.-3oft face hammera.

Hold the hammer at such an angle that the face
of the hammer andthe surface of the object heing
hit will bs parallel. This distributes the force
of theblow over the full face and prevents damage
to bgthk the surface being struck and the face of
the harnnter,

Flgure 1-1-4.=Right and wrang way to useq
hall-peen hammer.

CARPENTERS HAMMER

The carpenter’s hammer is either a curved-
claw or straight-claw hammer, The face maybe
either a hell-faced or platn faced. (See fig.
1-1-3.) The carpepter’s hammer generally used

is the eurved claw, bell-faced haml-
mer. The hammers may have either a steel or
wooden handle; however the ateel handle is
moat common, The primary uge of e car-
penterts hammer is to drive ordraw (pull)nails,

HELL FACED
CLAY HaddER

FLAM FACED
CLAW HAMWER

Figure 1-1-5.—Bsall-faced and plain faced claw
hammers.

MALLETS AND SLETGES

The mallet is a short-handled tool used to
drive wooden-handled chisels, gouges, wooden
pins, or gmall stakes. It is also used to form
or shape zheet metal where hard-faced hammers
wonld mar or injura the finished work. For
example a rubber-faced mallet i3 used for
Imocking out dents in an automobile. Its heads
are made from a sqft matarial, usually wood,

rawhide, or rubber. It is cylindrically shaped
with two flab driving Eaced -that are reinforced
with ivon bands, (See fg, 1-1+8,} The malletand
hammer are used inm the same way. Naver use
a mallet to drive nails, screws, or any object
that may cause damage to the face.

The sladge is a steelbeaded, heavy duty driv-
ing tool that can be used far a number af pur-
poses. Short-hapdled sledges are wsed to drive
bolts, driftpins, aod large nails, and to strike
cald chizels and Small hand rock drills, Lonz-
handled sledges are used to break rockand con-
crete, to drive spikes, bolts, or stakes, and to
strike rock drills and chi=sels,

The head of a sledee is renerally made af a
high tarhon steel and may welgh from 6§ to 16
Ib. The shape of the head will vary aceoreding to
the job [or which the sledgae s designed.
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Figure 1-1-6,—8teel reinforced wooden mzllet.
MAINTENANCE QF STRIKING TOOLS

Hammers, gledges, or malletzs should be
cleaned snd repaired If necessary before they
are stored, Bammer and sledge faces should be
free from ofl or other materizl that would canse
the tool to glance off mile, apikes, or stakes.
The hammer heads should be dressed to remave
any battered edzes. Inspect the handies of strik-
inz tools and meke sure they are secure to the
head and do pot have any cracks or splinters.

Never leaye a wooden or rawhide mallet in
the sun, as it will dry oot and may cause the
head {o crack. A light fikm of oil should he left
an the mallet to maintain 3 Hitle moisturein the
head,

Replace Hammer Handle

When a hammer handie becomes damaged or
loose in the hammerhead, it should be replaced
before the hammer is used. A serions injury to
yoursalf can result from using a
hammer that has a bad bandle,

The first step In replacing a hammer hagdle
iz to remove the old kandle. Ifthe handle 1s tight
in the head, saw off the old handle next to the
head. (See fig. 1-1-T.} Do not saw the handle off
soclose to the head that the zaw teeth will touch
the head while sawing, thus damaging the set of
the saw. A hachksaw may also he uzed for this
purpose.

Place the head of the hammer In a vize and
drili a heole in the part of the handle that re-
mains In the head, Remgve the restof the handle
by driving it from the head. :

The new handle should fit spugly in the ham-
merhead, Use a wood rasp toshape the handle to
fit the head, Chack the fit of the head on the
handle oceasionally, and make sure you do not
remove oo much material from the new hamdle,
After the correct fit has heen aHained, seat the

Figure 1-1-7.—Removing old hammer handle,

handle firmly in the head by hittineg the end of

- the handle with a mallet. (See fig. 1-1-8.} 5aw

off the projectng portiom of the handle, and use
a small wood chisel to cut slifs for the wedres
if wooden wedges are used, Elther wooden or
metal wedges may be utilized. When the wedoes
have been driven in the handle, grind the end of
the handle even with the head.

COMMON MISUSES

Hever sltrike a hardened stee]l surfare with
a hammer. This misuse is a serious safety
hazard, Small pieces of sharp, hardened steel
may break from the hammer and also from the
bhardened stesl. Besides causieg damage to the
work and/or the haminer, 2 serigus eye igjury
may result.

Do notuse a hammer handle for bumping parts
ln assembly, and never use as a pry bar. Such
abuses will cause the handle to split, anda split
handle can produce bad euts or pinches, “hen
a handle splits or eracks, do nof tryto repair it
by binding with string or wire. REPLACE IT.

WEENCHEES

A wrench is a bagic tool thatisused to exart
a twisting force on bolt heads, ouets, and studs,
The special wrenches designediodocertainjobs
are in most cases wvariations of the basic
wrenches that will be deseribed in this section,

Socme ratings will nahirallyhave more use for
wrepches in doing their johs than gther ratings;
howerer, practically all

will have gcecagion, irom time to time, o
use wrenches, It i oscessary, therefore, that
all hands have 2 basic understanding of the des-
cription and uses of wrenches.

The best wrenches are made of CHROME-
VANADIUM STEEL. Wrenches made of this
material are light in welght and almost op-
breakable. This is an expensive material, how-
ever,. 50 the most cammon wrenches

are made of forged carbon stesl or
molybdenum steel. These latter materials make
good wrenches, but they are geoerally built a
little heavier and bullder in order to achieve
the same degree of strength.

The zize of any wrench used anbolt-heads or
muts 1= determined by the size of the opening
between the jaws of the wrench. Theopeningaf a
wrench iz mamifacturered slichtly larger than
the bolt head or nut that it is designed to fit.
Hex-mrts (six-aided) and heads are measured
across oppogite flats, A wrench that is designed
fo fit a 3/8~-inch out or bolt esuallyhas a clear-
ance of from 5 to B thousandths of an inch. This
clearance allows the wrench to slide on and off
the mrt or holt with 2 minimurm of "'play.” If the
wrench is too large, the points of the out or holt
head will be rounded and destroyed.

OPEN-END WRENCHES

Salid, nonadjustable wrenches with openings
in one or both ends are called open-end wrenches.

3 (Ree fig. 1-1-2.) Usually they come in sets of



from B to 10 wrenches ranging from 5/18 o
1 inch., Wrenehes with small opening3 aze usually
shorier than wrenches withlarge openings. This
proportions the lever advantage of the wrench to
the bolt or stud and helpsprevent wrenchbreak-
age or damage to the balt or stud,

Cpen-end wrenches may have their jawspar-
allel to the handle or at angles anywhere up to
g0 degrees. The average is about 15 degrees.
Hapdles are usually straight, but may be
curved. Those with curved handles are called
8_wrenches. Other open-end wrenches may have
oftset handles, to reach out or bolt heads that
are gunk below the surface.

Figure 1-1-8.—Seating hammer handle in head,

One of the wrenches shown In figure 1-1-9
Ias jaws that are set ona 15_degree anrle to the
handle and one that is on a 90-degree angla. The
reason why the jawa are placed at an angle be-
comes obvious when you kave to work in ¢lase
places, )

There are special open-end wrenches, called
TAPDET WRENCEES, which ara very thin and
have extra long handles, Theyareusedto adjust
the tappets of engine vyalves. These tappet
wrenches are of lizht eonstruction and the Jaws
of the wrench will spread easily, therefore, they
should pever be used for any purpose other than
that for which they are intended.

QPEN— END
WRENCH

DISTANCE AGROSS

@ FLATS
— |
’ ©

aq- AIGHT BMGLE 1.
WHRENCH

Figure 1-1-9.—Cpen-end wrenches,

POX-END WRENCHES

Pox-end wrenches have eithgr &, 8, 12, ar

.

1B pointa inside the head. {See fig. 1-1-10.) The
number of pointa determine the strepgth of the
head, Fx and eight polnt wrenches are used for
heavy duty, 12 for medinm duty and 18 for Lizht
duty work. The 12 point box-end wrench is
the mast comingp and can oe used with a mini-
mum swing of 10 degrees.

There is little chanee of the hox-end wrench
slipping off the nut when the proper size wrench
iz used, Because the sideanfthe "'box' opening
are so thin, this wrench i3 suitable for frnine
nants which are hard to get at with an open-end
wrench. The oifset bax-and wrench (fiz.1-1-11}
15 especially useful in this.respect.

There is one disadvantage to using hox-end
wrenches, You lose time if you use ftto torn the
mut all the way off the bolt onee if is broken
loose. You must litt the wrench completely of
the aut after each pull, then place it hack an lo

Figure 1-1-11.—Box-end and combination
wrenches,

another positicn, The only time this procedurs
Iz not necessary s when there is room to spin
the wrench in a complete eirgle.

After 2 tight nut iz broken loose, It can be
unserewed much mare quickly with ap open-and
wrench than with a box wrench. Thia 15 where
a ppmhbination box-open end wrench comes in

handy. (See fig. 1-1-11.) You can usg the boE=
end for breaking nuts louse or for snugging them
down, and the open end for faster turning.

For heavy-duty work, there are long-handled,
gingle box-end wrenches. They are ade only
in the larger sizes, and you can apply all the
pressure yau need,

The rparrect use of open-end and bax-end
wrenches can be summed up in a [ew simple
rulea, most important of which s tobe sure that
the wrench properly fits the nut ar beolt head.

When you have to pull hard on the wrench,
as in laosening a tight nut, make sure the wrench
tg seated squarely on the flata of the nut,

PULL aa the wrench—D0O NOT PUSH. Push-

ing a weench 15 a good wayto skin your knuckles

if the wrench slips ar the nut breaks loose un-
gapectedly. Ifitisimpossible tg wull the wTench,
and you must push, do it with the palm of your
hand and hold your palm apen.

T
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Coly actual practice will tell vou if you are
using the right amount of force on the wrench,
The best way to tighten a mut is to turn it until
the wrench has a firm, solid feel. ‘This will
turn the mut to proper tightness without stripping
the threads or twisting off the bolt, This  feel
is developed by experience alone, Practice until
you hate mastered the feel,

Hammering cn wrenches is strictly aboo—
with ane excepticn., There is a speecial type of
box wreoch, made strong and heavy so thaf you

can hammeyr on it. The handle is short and has -

a stesl pad on which the hammer-bilows are
struek. This wrench is bnownas a  slurging
or striking wreach. Never place a piece of
pipe over the handle of a wreneh to increase
lavarage. This practice will damage the wrench
and/or the put or bolt that you are trying to
tighten or loosen.

SOCEKET WRENCHES

Early models of sockels were square or
hexagonal sockets integral with 2 T or offset
handlae. (See fig. 1-1-12,] This type wrench is
still in use but 15 generally made Inlarge sizes.
Socket sets presently nsed contain an assortoment
of individual! s=sockets made to {it diffarent
handles, There are several types of handles and
extensions {fig. 1-1-13), such as the T-hapdle,
ratchet handle, serewdriver grip handle, and a

speed handle. These handles and sockets can
he assembled in combinations that will do most
any job quickly and sasily,

Figure 1-1-12.—.Socket wrenches.

The nut opening of the socket s usually 8or 12
points similar to the box-end wrench. Six-point
sockets are still used for extra heavy-duly
sockets or for large sockats, The end of the
socket opposite the rmat opening (fig, I-1-14)has
a square hole into whichthe handlefits, The size
of the zocket zet ix designated by the size of the
Squire on the drive end of the bandle, A spring
luaded ball on the hamndle smaps ioto a groove in
the socket to prevent it from falling off.

Sockets are usually furnished in sets for a
range of different size muts. The sta.nga.rd sizes

are 3/B-, T/16~-, 1/2- and 3/%-inch drive, The
larger sizes have gockets that are desigoed far
neavier work and larger Size outs. For extra-
heavy-doty jobs lirger size sets ire available.

Soekets with thin walls may be obtained for
uze in extremely close quarters, but their use
is not recommended for general work.

A umiversal joint {fig. 1-1-15} frequently
cotnes ip handy when worldng on nuts in places
whers a straight wreneh caonot be used. The
unjverszal is placed between the handle and the
aocket and enables you to work the wrench
hapdle at an angle to the socket. This comes in
very handy when working in close places.

Large sockef wrench sefs alzo contain a sat
of extra deep sockets, gemerzlly 3 to 5 inches
lonz, These sockets are egspecizlly waeful when
removing or replacing spark plugs or when re-
moving or replacing nuts thal are a lomg way
down on the bolt,

Torqua Wrench

An zceessory for the socket wrench is a
handle jor the sockets that measuresthe amount
of pull you exert on the wrench. This is called
a ‘‘torque wrench.” (See fig. 1-1-16.) This
wrench is not supplied with the regular socket
set it may bepurchased separately.

Most modern-day machinery ia azsembled
with clugetol erancas therefore it is important
that the correct amount ofpressurebe puton the
nuts and bolts that hold it together, Manufae-
turers! mannals generally specify the amount of
targue that 15 to be applied tothe nuts, A torque
wreanch enables you to tell whenthese specifica-
tions have been met.

The accurary of torque-measuring depends
a lot on how accurately the threads are eut,
and the cleanliness of the threads. Make sure
yau inspect and lubricate threads in ordertopet
the most aceurate torque reading possible.

- ADJUSTABLE WRENCHES

A handy all-round wrench that is generally
included in every toolbox is the adjustable epen-
end wrench. [See fig. 1-1-17.) This wrench ia
not intended to take the place of the regular
solid gpen-end wrench for steady, hard service.
One faw of the adjustahle opep-end wrench is
fixed; the gther jaw 15 moved along a slide by a
screw adjustment. The angle between the faw
opening and the handle is 22 1/2 degrees. The
wranches are avatlable In varying sizes ranging
from 4 to 18 Inchas in length.

When using the adjustable end wrenchbe sure
to pull on the side of the handle attached to the
fixed jaw, Make sure the jaws of the wrench are
adjusted to closely fit the nut, Aloose fit ¢n the
bt ~iil tend to round off the corners of the nut.

Wren raotatiog rownd work an adjustable pipe
wreneh (Stillson) may beused, {Seefig. 1-1-14.)
The movable jaw oo i pipe wrench is pivoted to
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permit a gripping zctlon on the work. Thesze
tocls must be used with digeretion, as the jaws
are serrated and always make marks on the
work. The jaws should be adjusted sa the bite
qu the work will be taken af about the center of
the jaws.

A different type pipe wrench, used mostly
on large sizes of pipe, is the chainpipe wrench,
{See fig. 1-1-19.) This tool works inone diree-
tion only, hut ean be backed partly around the

-G

work apd a fresh hold taken without freeing the
chain. To reverse the operation the grip s
taken on the apposite side of thehead. The head
13 doukle ended and can be reversed when the
teeth on one end are wora out,

The strap type plpe wrench is sometimes
used for turning pipe. It is similar to the chain
pipe wrench but uses a heavy web strapin place
of the chain. This wrench is used where you do
not want to mat the surface of the work such

a5 fittings. and pipe that are chromiom plafed.

The old fashioned monkey wrench {fig. 1-1-
20) iz still used. It
worls well on large square nuts, but 1s too bulky
for most small jobs., The jaws make an angle of
00 degrees with the handle, and should always
paint in the direction of pull. Injame modeis of
the mookey wrenchthe jawsareadjustedbyturn-
ing a knurled nut, in others the handle is urned.

SPANNEDR WRENCHES
Spannmer wrenches are wrenches that are

used on special nuts. They are not generally
ineluded in a toolkit but are kent fn a cenkral



Figere 1-1-15.~Tniversal joint for zockets.
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Fipure 1-1-168.—Torque wrenches for use with
sockelbs,

Figure 1-1-20. —Muankey wr;anch.

Figure 1-1-1%. —Chaln pipe wrench. -

tool erib. They canbe drawnout for use when the
need arises. There are a number of ivpes of
spanner wrenches. The HOOK SPANNER (fig,
1-1-21) works on a round nut whichhasa series
of natches cutinits outer surface. The haok (lug}
is placed in ooe of these notches and the handle
turned to loosen or tighten the nut. Fig 1-1-22
shows an adjostable type of spanner. The hook
end of the wrenchishinged sothat it will fit var-
ious sizes of nuis.

¢ )

Figure 1-1-21. —Hook Spanner wrench.

; ke >)

Figure 1-1-22.—Adjustable hook spanner
Wrench.



HEY.WRENCHES (ALLEN}

In some places itisdesirable touse recessad
heads on setscrews and capscrewa, Thizs type
sorsw i3 used extensively on cifice machines
and in machine shops. .

Recossed head screws wsually have a hex-
shaped (six-sided) recess. Toremave or tghten
this type screw requlres a specizl wrench that
wiil fit in the recess, This wrench 15 called an
Allen-type wrench. Allen-type wrenches are
madle from hexagonal L-shaped bars of toal
sieel, They range in size from 1/8 to 3/4 inch,

When using the Allen-type wrench make sure you
usa the carrect size to prevent rounding or
snreading the head of the serew,

WONSPARKING WRENCHES

Wonrsparking wrenches are wranche s that will
not cause sparks to be geperated when working
with steel nuts and bolts, They are generally
mzde from a copper alloy (bronze). Howaver,
thay may be made from oiher nonsparking ma-
terials, .

Monsparking wrenches must be usedinareas
wiers dammable materials are present. These
tools are used extenzively whnen working around
gasoline-carrying vehicles and when working
argund aireraif,

RULES FOR WRENCHES

There are a few basic rules that you should
keep in mind when usipg wrenches., They are:

1. Always use a wrench that fits the nut
properly.

2. Keep wrenches clean and free from oil,
Otherwise they may slip, resulting in possible
serigus injury to you or damage to the work.

5. Da not inereass the leverage of a wreneh
by placing a pipe over the handle. In:reased
leverage may damage the wrench or the wark.

4. Provide same sort of kit ar ease for all
wranches. Return them voitatthe completion of
each job. This saves timeand troukle and facil-
jtates selection of tr-ls for the next job. Nost
lmportant, it eliminat.sthepa saibility ot l=aving
tham where they can ¢;: 3e injury or.damage ta
mi OF equipment.

5. Detarmine which way 2 nut should be
tu~ned hefore trying to loosen it, Mostnuts are
turned counterclockwise for rempval, Thismay
goam obwlous, bub even axperienced men have
bnan ochserved straining at the wrench in the
tightening direction when they wanted to logaen
it.

§. Learn to select your wrenches to fit the
type of wark you are deing, If your aTe not fa-
miliar with these wrenches, make arrangdements
tc visit a shop that has most of them and get
acquainted. ’

METAL CUTTING TOQOLS

There are many types of metal cutting toals
uged by skilled machanics of allratings. As you
become better acquainted with your ratiog, you
will probably discover many tools that pou use
for cutting metal that are not described in this
text. In this text, only the basic hand metal
putting tools will he epnsiderad. No matter how
technical your work i you will find that certain
fobs are done better and guicker with the basic
handtool, The how ko do certain jobs will ke
explained in a later Zection of this taxt,

SHIPS

One of the hapdiest tools for cuiting light
gheet metal is the hand smip {tin snips). The
STRAIGHT HAND SNIPS shown in fig, 1-1-21
have blades that are straight and cutting edges
that are sharpened to 20 83-degree angle. Snips
like ihis can be obtained in different sizes
ranging from the small 6-inch snip to the large
1d-inch, They aredesignedtocut sheetmatal up
to gne-sixteenth inch in thickmess, They will
alzc worlk oo slightly heavier gagesof aoft metals
such 25 aluminum alloys.

Spips will not remove any metal when a cut
is made, There is danger, though, of ¢causiog
minute metal [ractures along the edges of the
metal during the shearing process. For this
reason it is better not to cut exactly on the lay-
out line Io am attempt to avoid too much finish
worlk.

Cutting extremely heavy gage mekal always
presents an opportunity o spring the blades,
Onee the blades are sprung, hand snips are
useless. Use the rear partlon of the blades
ooly, when cutting heavy raaterial, This not only
avoids the possibility of springing the blades
but alao gives you greater cutting leverage.

-

Figure 1-1-23.—5kraight hand snips.

Mover use tin sepipsto cut hardened sreel wire
or other similar ohjects, Such use will dent ar
nick the cutting edges of the blades.

Tt i3 hard to cut circles or small ares with
strafsht snips. There are snlps expecially
designed for circular cubting, They are callec



CIRCLE SNIPS, HAWES-BILL SKIPS, TROJAN
SNIFS, and AVIATION SHIPS, (See fig. 1-1-24.)
Use these snips in the same manner as you
would use straicht snips and observe the same
precantions.  Likae straight snips they come in
many different sizes.

Many snips have small serrations {notches)
on the cutting edges of the blades. This tends to

,_

CIRCLE SNIPS

HAWKS-BILL SMIPS

=

TROJAN SNIPS

AYLIATION SHIPS

Figurae 1-1-24.—5nips for cutting cireles and
arcs.
prevent them from slipping backwards whena
cut is being made. Although this feature does
make the achral cutting much easier, {t marsthe
edges of the metal slichtly. You can remove
these small cutting marks If you allow proper
clearance for dragsing the metal to slze. There
are many other types of hand snips used for
special jobs. The snips discussed here can be
used for almaost any common tvpe aof work.
Learn to use gnips proparly, They should
always be olled and adjusted to permit eass of
eutting and to produce a surface that isires from
burrs. I the blades bind, or il they are too far
apart, the snips should be adjusted,

HNever use snips as screwdrivers, hammers,
or pry bars. They break easilv. Do not attempt
ta cut heavier materials than the snips are de-
signed for. Mever toss soips in a toolboX where
the cutting edegess can come inte conbact with
cther tools. This dulls the cuttine edges and
may even break the blades. When snips are not
in use, bang them on hooks or lar them on an
unerawded shelf or hench,

HACESAWS

Hacksaws are used to cut metal thaf is too
heavy for snips, Such things as bolts and metal
bar stock can be cut with hacksaws, There are
two parts to 2 hacksaw; the frame and the blade,
Common hacksaws have either an adjustable or
solid frame, ({See Mg 1-1-25.) Since haclksaw
blades are made in different langths, most hack-
SawWs are of the adjustable
frame type. Adjustable frames can ba made fo
hold blades from 8 ta 16 inches 1ong, while those
with so0lld frames take only the length Blade for
which they are made. This length is the dis-

Figure 1-1-23,—Hacksaws.

tance betwean the two pins that hold the blade In
place,

Hacksaw blades are made of high-grade tog]

steel, hardened zpd tempered, There are two
types, the all-bard apd the flaxible, All-hard

blades are hardenedthroughout, whersas only the
teeth of the flexible blades are hardened. Hack-
saw blades are about one-half inch wide, have
from 14 ta 32 teeth per inch, and are from 8 ta
16 inches long, The blades have a hole at each
end which hooks to a pin in the frame. All
hacksaw frames which hold the blades eitherpar-
allel or at right anglestothe frameare provided
with a2 wingnut or serew to permit trhtening or
removing the blade.

The SET in a saw refsrs to how much the
teeth are pushed out It opposite dlregtions from
the sides of the blade. The four different kinds
of zet are ALTERNATE szet, DOUBLE ALTER-
NATE set, RAKER set, and WAVE set. Thres
of these are shown in figure 1-1-26.
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Figure i-1-28.—''Set™ of hacksaw blads teeth,

The teeth in the alternate set are staggered,
one io the left and one to the right throughout
the length of the blade. Cn the doubls. alternpate
sat blade, two adjoining teeth are staggered to
the right, two fto the left, and so oOn, 0n the
raker set blade, every third tgoth remains
straizht and the other two are set alternately.
On the wave [undulated) setblade, short sections
af tegth are bent in opposite directions,

The mafn danger in uding hacksaws Ls injury
to your hand if the blade breaks. The blade will
break if too much pressure is applied, when the
saw is twistad, or when the cutling speed is too
fast. If the work is not tight in the vise, it will
sometimes slip, btwisting the blade encuzh to
break it.

CHIEELS

Chisels are taols that can be used far chip-
ping or cutting metal. They are made from a
good grade tool steel with a hardened cuttlng
edge and a beveled head. They will cut any metal
that iz aofter than materials of which they are
made, When it is skillfully used, the chizel can
be made to do moest any job that a milling ma-
phine cin do, although itisperhapsless accurate
and requires greater time and energy.

Usually the bar stock from which 4 chisel is
forzed is octagonal {sight-sided), Cold chisels
ars classified according to the shape of their
polats, and the width of the cufting edge denates
thair sire. The most common shapes of chisels
are flat (cold chisel), cape, round nose, and
diamond point, (See fig. 1-1-27.)
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Ticure 1-1-27.—Metal-workios chigfels. .

. The type chisel most commonly used is the
flat eold chisel, which serves to cut rivets,
split nuts, chip castings, and cut thin metal
sheets, Also used for special jobs I3 the cape
chizel for cotting keyways, narrow grooves and
square coroers, the round-nose chisel for semi-
gireular grooves and for chipping inside corners
with a fillet, and the diamond-point for cutting
V-graocves and sharp carnera.

Ax with other taols there {3 2 correet fech-
nique far wsing a ¢hisel. Select a chisel that 1s

Jlarre enguzh for the job. Be sureto use a ham-

mer that matehes the chise]; that iz, the [arger
the chisel, the heavier the hammer. A heavy
chizel will ahsorb the blows of a lizht hammer
and will de virtually no colting.

As a general rule, hold the chisel in the left
hand with the thamb and first fiogerabout 1 inch
from the top. It should be held steadily but not
tightly. The finger muscles shoold be relaxed,
50 If the hammer strikes the hand it will slide
down the tool and leasen the effect of the blaw,
Eeep the eyes on the cutting edge of the chisel,
not on the head, and swing the harmmmer in the
same plane as the hody ofthe chissl. If you have
a lot of chiseling to do, alide a piece of rubber
hose ovar the chisel, This willlessenthe shock
to your hand,

When using a chigel {or chipping, always
wear goggles to protect your eves. If other men
are workinz close by, seethattheyareprotected
from flylng chips by erecting a scresn ar shield
ko comtain the chips. Remember that the dme
to take these precautions is before vou startthe
job.

FILES
There are a number of different fypes

af files in ectnmon usa, and each type may range
in length from 3 to 18 inches. They are graded
acearding to the degree of fineness, and accord-
ing to whether they are single- or double-cut.

The lensth of 2 file is the distance from the
tip tothe heel, and does not ineluds the tang. (See
Hz, 1-1-28.]

Tn\h:ﬁ |-———LENGTH _—-)i

Fizure 1-1-28.~Fil= nomenclature.

In selecting a file for = job, the shape of
the tinished work must be congidered. Files
come in different shapes, hoth outline and cross
sectional shape. Some of the cross sectional
shapes are shown in fig, I-1-23.
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TRIANGULAR files are tapsred [longitudi-
nally] on all three sides. They are used to flle
aeoute interoal ancles, and to clear out square
parners. Special triapgular filesare used tofile
saw igeth,

MILI. files are tapered ip both width aod
thickmess. One edge has no teseth and 15 Imown
as a SATE EDGE. Mil files are used far
smoothing lathe work, drawfiling, and other fine,
precision work, Millfilesarealways singla-cut.

FLAT files are general-purpoge flles and
may be elther single- or double-cut, They are
tapered In width and thickness, HARD files,
not shown, are somewhat thicker than fat tiles,
They taper slightly in thickness, but their edgea
are parallel.

LOUARE TREAMCIA LR ROUMD

HaLF ROUMD MILL FLAT

Fipure 1-1-29, Crass-sectional shapes of
files.

SEUARE files are tapered on al! four sides
and areusedtoenlarge rectangular-shaped holes
and slaty, ROUND files serve the same purpose
for round openings. Small roumnd files are often
called ‘‘rattafl” files.

The HALF ROUND file is a general-parpose
tool, ‘The rounded side is used for gurved sur-
faces and the flat face onh flat surfaces, When
you flle an ingide curve, use a round or balf-
round file whose curve most nearly matehes the
curve of the work,

- Elts of small files, often ealled Swiss Pat-
tern or Jewelers files, are used to fitparts
of delicate mechanisms, and for filinrg work on
instruments, Handle these small {iles carefully
beecause they hreak easily.

Cuts and grades of files vary greatly, As
menticned before, they have either siogle-cut
or double-cut tegth, The difference is apparent
when you compare the files in fig, 1-1-30,

0QUBLE CUT

Figure 1-1-30.—Slogle and double-cut files.

Single-cut files have rows of teeth cut par-
allel tg each other, These testh arc set at an
angle of about 65 degrees with:the centerline.
You willuse single-cut files for sharpening tools,

finish filimg, and drawfiling, They are also the
best tools for smoothing the edges of sheet
metal,

Filas with crisscrossed rows of taeth are
double-sut files. The double cub forins testh
that are dizmond-shaped and fast cubtting. You
will use double-cut files for quick removal of
metal, and for rough work,

Files are alzo graded according fo the spac-
ing and size of their teeth, or their coaraeness
and fineness, Some of these gradesarepictured
in fg. 1-1-31. In addition to the three grades
ghown, you may use some DEAD SMOOTH filaes,
which have very fine feeth, and some ROUGH
files with very cparse tegth, The fineness or”

. cparseness of file teeth ts also Influenced by

the length of the file. When vou have a chanoce,
compare the actoal size of the feeth ofa é-inch,
sinrle-cut smooth file and a 12-inch, single-cut
smonth file; you will notice the 8-inch file has
more teeth per ineh than fhe 12-foch file,

SINGLE {fUT
— e e
= = 7
= === =
=== === ==
BasTEAD CUT SECOND CUT SMOOTH
COUSLE CUT

gasTanl GUT SMOOTH

Fizure 1-1-31.—Grades of file teeth.

The flat ar hand files mostoftenuvsedare the
double-cut second cut file for rough work and
the single—cut, smooth file for finish wark.

For smoothing 50ft metals, suchasaluminum
and bearing metal, you may be supplied with a
FLOAT-CUT file, It has large curved testhand
iz worked with a planing action.

Never use a file unless it {5 equipped with a
tight-fitting handle, I wou use a file without the
hamdie and it bumps something or jamstoa sud-
den stop, the tang may be driven into your hand.
To put 2 handle on a file tang, drill a hole in the
hapdle, slightl¥ smaller than the tang., Insert
the tang end, and then tap the end of the handle
to seat it firmly. Make sure you get the handle
on straight.

As yuu file, the teeth of the file may clog
un  with some of the metal fAAlings amd scratch
vour work. This conditlon is known as PINNING.
You can prevent pinning by keeping the file teeth
elezn, Bubbing chalk between the teath will halp
prevent piopning, too, but the best method is to
clezn the file frequently with a FILE CARD ar
brush, & file card (fig, 1-1-32) has fine wire
bristles. Brush with a pulling motion, holding
the card parallel to the rows o teeth.

-11-
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Figure 1-1-32,-Flle Card,

A pew file should be broken in carefully by
using it first on brass, bronze, or smooth cast
jron. Juat a few of the teeth will cut at first, =0
use a lght pressure to prevent tooth breakage.
Do not break in a naw file by using it {irst on a
narrow surface.

Pyotect the file teeth by hanging youriilesin
a pack when they are not in uge, or by placing
them in drawers with wooden partitions, Your
fileg shounld not be allowsd to rust-keep them
away from water and molsture. Avold getting
the files gily. Ol causes a file to slide aeross
the work and prevents fast. cleancutting, Files
that you keep in your toalbox should be wrappad
in paper or cloth to protect their tzeth and pre-
vaqt damaege to other tools,

Naver uge a file for prying orpounding, The
tang is soit and bends easily. The body is hard
and extremely brittle. Even a slicht bend or a
fall to the deck may cause a file to snap lo twd,
Ty not strike a file against the bench ar vise ta
clean ft--use a file card.

TWIST DRILLS

Malking a hole in a piece of metal s gener-
ally a simple operation, but in maost cases i3 an
important and a precise job. A large number of
different tools and machines have beendesigned
so0 that holes may be made speadily, economi-
cally, and accurately in all kinds of material.

In grder to be able to use thesa bools effi-
gienily, 1t is well to become acquainted with
them. The most dommon tool for maldng holes
fn metal i3 the twist drill, Tt consistsofa
evlindrical piece of steel Wwith spiral grooves.
One end of the eylinder i3 pointed whils the cther
end 1s shapesd so that it may be attachedtoa
drilling machine. The grooves, usually called
FLUTES, may be cut into the steel cylinder, or
the flutes may he formed by twisting 2 flat plece
of stagl Into a evlindrical shapa.

The principal parts of a twiat drill are the
body, the shank, and the point.iSee fig. 1-1-331.)
The dead center of a drill is the sharp edge at
the extreme tip end af the drill, It is formed by
the intarsection of the cone-shaped surfaces of
the point and should alwaysbe intha axact center
of the a:ds of the drill. The paint of the drill

ahould nat he confiused withthe dead senter. The
polnt is the entire cone-shaped surface attheend
of the drill,

The Up ar cutting edge of a drill 1a that part
of the point that actually cuts away the metal
when drilline a hole. It is ordimarily a3 sharp
as the edme of a knife, There i3 a cutting cdge
for each fluta of the drill.

The lip clearance of 2 drill 1z the surface af
ihe paint that is ground away or relieved just
back of the cutting edge of the drill. The strip
along the inner edge of the body is called the

“margin. It s the greatest diameter of the drill

ared extends the entire length of the fAute. The
dizmeter of the margin at the shank end of the
dri!l fs smaller than the diameter at the point.
This allows the drill to revolve without binding
when drilling deep holes.

A tang is found anly on tapered-shankdrills.
It iz designed to #it into z slot in the sacket or
spindle of a machine. It maybear a portion of the
driving torgue, bt ita principal use i5 to make
it easy to remove the drill from the socket of the
drivinz machine.

The maintenance of twist drilla and more
about how b use them on specific jobs are dis-
cussed in a later =eection of this text.

REAMER3

Heamers are usad to enlarge and brue ahole,
The reaner consists af three parts—the body, the
shank, and the blades. The shank has a square
tang to allow the reamer tobeheld with a wrench
{or turning., The main purpose cf tha hody 1s ta
support the blades.

The blades on a reamer are made of steel and
hardened to such an extent that they are brittle,
For this reasgn you mast be careful when using
2na storing the reamer toprotectthe bladasirom
chipplng., When you are Teaminga hole, turn the
reamer in the CUTTING DIRECTION ONLY,
This will prevant chipping ar dulling of the
plades. Grezt care should be uged to assure
even, steady tuirning. Ctherwise,the raamer will

chatter, cadsing the hole t0 become marked
or scored. To prevent damage to the reamer
whils not in use, wrap it in an oily cloth and
keep it in a bax. )

Reamers of the types showa in figure 1-1-33
are availahle in any standard siza. They are
alsc atvallable in size variations of .00L" far
speclal work., Use a solid stralght flufs reamer
when reamicg a number of holes of the same
aize. Thia type lasts longer and Is less expen-
sive than the expansion reamer.

Thae solid spiral flute reamer i3 used where
many similar boles are to he reamed. Many
mechanics prefer it because iF is less likely to
chatter, The spiral reamer costs slightly more
than the straizht flute reamer,

Tor gensral purposes, an eXpansion reamer
{tig. 1-1-35) 15 the most practieal. Thisreamer
can ysually be obtained in standard sizes from
1/4 of an inch to linch, by 32nda. Tt is desizned
ta allow the blades to expand 1732 of an inch.
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LIP OR CUTTING
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Flgure 1-1-34.—Above—solid spiral flute
reamer,
Below—solid strailght flute reamer,

For examyple, the 1/4-inch expansion reamer will
ream a 1/4-inch to a 9/32-inch hols, 4 9/32-
inch rezmer will enlarge the hole from 9/32 of
an inch to 5/18 of an inch. This range of ad-
justment allows g few reamers to cover gizes
up to 1 inch.

R

Figure 1-1.35,~-Expansion reamer.

Heamers are made of carbon steel andhigh-
speed steel, In general, the cutting blades of a
high-speaed reamszr lose their keenness more
gquickly than a carbon steel reamer. However,
after that keenness 15 gone, 1t will last longer
than the carboo reamer,

TCOUNTERSIINES

Countersinkino is the operation of beveling
the mooth of a hole with a rotary togl called a
countersink, {See fig, 1-1-36.} The canstruction
of the countersink is similar to the twist drii].
There are four cutting edges, which are taper
ground, to the angle marked on the body.

Figure 1-1-36.—Countersink.

A ecountersink {5 used primarily to set
the head of a scrow or rivet flush with the mate-
rial in which it is being plaged. Countersinks
are made In a number of sizes, One slze vsually
tzkes caras of holes of several different sizes.
That is, the same countersink can be used far
bolea from 1/4 inch to 1/2 luech in dlameter,
Hamove only enouzh metal to set the secrew or
rivet head flush with the material, If you re-
move 0o much material the hole will enlargs
and weaken the work,

Select the countersink with the correet lip
angle to eorrespond with the screwor rivet head
being used. These countersinks canbaturned by
any machine that will burn a twist drill.

BOLT CUTTERS

Bolt cutters {fig. 1-1-37) are giant shears
with very shert blades and long handles, The
handles are hinged at one end. The cutters are
at the ends of extensions which are jofnfed in
sach a way that the inside joint i3 forced out-
wards when the handles are closed, thusicrcing

Filgure 1-.1-37.-Bglt gutters.,
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the cutting edoes tagether with greatforce. Holt
cufters are made in lenpgths of 18 to 36 inches.
The larger ones will cut mild steel holfs and rods
up ta 1/2 inch. The material tobe cut ghould be
kept a5 Iar back in the jaws as possible.

Mever abtempt to cut spring wire or other
tempered metal with bolt cutters. This will
cause the jaws to be sprung or nicked. Adjusting
screws near the middle hinges provide 2 means
for ensuring that both jaws move the same amoaounk
when the handlas are pressed together, Keep
the adjusting screws just tlght encugh to ensure
that the cutting edges meet along their entire
length when the jaws are closed. The hinges
should be kept well ailed af all Hoes.

When using bolt cutters make sure your
fingers are clear of the jaws and hingea. Take
care that the bolt head or piece of rod cut off
does not fly and Injure you or somaone elae. I
the eutters are broughttogether rapidly, some-
times a bolt-head or piece of rod being cut off
will fly some digtance.

Bolt cutters are fairly heavy, 50 make sure
that they are stored In a safe place where they
will nat fall and injure someone.

WOODCUTTING HANDTOOLS

A man working with wood uaes a large vari- |

ety of handtools, He should be familiar with
these tools, their proper names, the purpose
for which they are used, and how to keep them
in good condition,

In this sectlon of the text, only the basic
woodeutting tools are covered.

HANDSAWS

The most common carpenter’s handsaw con-
sists of a stecl blade with a handls at ope end.
Tha blade is marrower at the end opposite the
handle. This end of the hlade is called the

point or toe.  The end of theblade nearest
the handle iS called the "'heel” (fig. 1-1-38.)
Cne edge of the blade hasteeth, whichact as twe
rowsg of cutters, When the saw is used, these
teeth cut two parallel grooves close together.
The chips {sawdust] are pushed out from between
the grooves (kerf) by the beveled part of the
teath, The teeth are bent alternatelytoone side
or the other, to make the ker! wider than the
thickness of the blade. This bending is called
the "‘get’* of the teeth, [See fig. 1-1-3%.) Tae
nember of teeth per inch, the size and shape of
the teeth, and the amount of set depend om the
use to be made of the saw and the material to
be ¢ut. Carpentsr’s handsaws are described by
the pumber of points per inch. There iz alwayas
one mare palnt then there are teeth per inch. A
number stamped near the handls gives the num-
ber of points of the saw.

Woodworking handsaws consist of RIFSAWS
and CROSSCUT saws deaigned for seneral gut-
ting. Hipsaws are vsedlor eutting withthe grain
and ecrosscut saws are for cutting across the
grain. A variety of other hand-cperated zaws,

designed to serve special pirposes, are desig-
nated by particular names, such a3 BACKSAW,
DOVETAIL SAW, COPOIG 5AW, and so on,

The major difference between a ripsawanda
crosscut saw is the shape of the teeth. A toath
with 2 square-faced chisel-type cutting edze, like
the ripsaw tooth shown in figure 1-1-40, does a
acood jobr of auttinowith the grain{called ripping],
but a poor job of cutting acrosgthe grain (called
crogzcutting], A tooth with a beveled, kmifatype
cutting edee, 1ike the craosscut saw tooth shawn in
the same figure, dossa goad job of cutting across
the zrain, but a podr job of cutting with the grain.

The mere commm types of saws used for
special purposes are shown in figure 1-1-40.
The BACKSAW is a crosscut saw designed for
sawing a perfectly straight line across tha face
of 2 piece of stock. A heavy steel BACKING
along the top of the blade keeps the blade per-
fectly straizht.

The DOVETATIL saw is a apecial type of
Back=aw with a thin, narrow blade and a chisel-
tyme handle. ’

Ths COMPASS saw 1s a long, narrow, taper-
ing ripsaw designed for cutting cut circular er
other nonrectangpular Sectlons from within the
margins of a board or panel. A hole is bored
near the cuttlng line to start the saw, A KEY
HOLE saw i5 simply a finer, narrawer compass
saw.

The COPDENG saw {5 used to cut along curved
lines as shown in the fizure.

The TWO-MAN CROSSCUT saw (f1g.1-1-42)
i5 2 double-handled saw used for heavy work,
such as felling treed, cwting large trees into
logs, or sawing heawy bridge timbera. This
saw is made of high-grade steel, with anarched
blade 5 feet ta§ 1/2feetinlength, appraximately
B inches wide at the middle and tapering to about
J inches at each end. The cutting teeth are
grouped In sections, usually with four eutting
tagth to the sectlon. Betweengectlons areraker
teeth which chizel out and remove the chips,

The two-man saw is operated by each man
pulling the saw toward hdmself as far as it will
ga and then stopping, only guiding the saw as the
gther pulls it back, In vertlcal cutting, the
weight of the saw creates enovgh preasure to
make further forcing urnecessary, Inhorizontal
eutting, omly slight pressure on the saw is
needed. Oil gr paraffin on the blade will lubri-
cate the blade and easge the woric

A saw that 15 not bezing usaed shiuld be hung
up or stowed in a teolbox. A toclbox designed
for holding saws has notches that held them on
edge, teeth up. Stowing saws logse in a toalbox
may z2llow the saw teeth to be¢ome dulled or
bent by contacting other toola.

Bafore using a saw, ba sure there are no
nails or gther edge-destroying objects in the line
af the cut. When sawing out astrip of waste, da
nat break out the strip by twisting the saw blade.
This dulls the saw, and may spring or break the
blade.

Be aure that the 3aw will go through thae full
gtroke without strildng he floor or some other
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Flgurs 1-1-41_—Sparial saws,
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Figure 1-1-40.—Crosscut saw and ripsawteeth.

pbject. Tf the work cannat be raised high encugh
to cbtain Il clearance for the saw, vou must
carefully limit the length of sach stroles.

Some right and wrong methods of usiog and
caring for a2 saw are shown in figure 1-1-43,

FLANES

The plane {3 the mast extensively used of the
hand shavinpg tools. Most of the lumber handled
by anyone working with wood i3 dressed on all
four sides, but when perforining jobs such as
fitting doors and szsh, and interior trim work,
planes must he uged,

The large family of planes Inecludes BENCH
and BLOCK PLANES, desipned for general
sirface smoothlng and squaring, and other
Flanes designed for special fypes of surface
work.

The principal parts of a BENCH PLANE and
the manner in which they are assembled, are
shown in fipure 1-1-44, The part at the rear
that you grasp to push the plane ahead is called
the HANDLE; the part atthe frontthat you grasp
to guide the plane along its eourse is called the
KNOB. The main body of the plane, consisting
of the bottom, the sides, and the sloping part
which carries the plane iron, 15 called the
FRAME. The botfom of the frame is called the
SOLE, and the opening in the sole, through which
the blade emerces, is called the MOUTH. The
front end of the acle is called the TOE; the rear
end, the HEEL.
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CUTTING TEETH —f

t——- RANER TOOTH

Figure 1-1-42 —Two-man crogscut saw.

WRONG ' RIGHT

WRONG RIGHT

WRONG RIGHT

1) #HEH WORK 15 COMPLETE, HAHG UF THE SAW.

1} oo HOT PILE TOOLS OH TOF OF THE BEMCH 50 ASTO
DISTORT BLADE :

' oy L L . 3 v
{4 J STRIPS OF WASTE SHOULD HOT BE TWISTED OFF WiTH

BLADE, BUT BROKEN OFF WITH HARD UR MALL ET.

SUPPORTIHG THE WASTE STDE OF WORK WiLL PRE-
YENT SFLITTIHG OFF,

@ LOOK CAREFULLY O¥ER REFAIR OR M.T-ERATMN wWORK; @ RALSE THE WORX 10 A HEIGHT SUFFICIENT TO XEEF

SEE THAT ALL HAILS ARE REMOVED TO AYOID
CUTTIHG INTO HETAL

THE BLADE FROM STRIKING THE FLOGR. IF THE
WORK CAWNOT BE RAISED, LiwiT THE 5TROKE

Flgure 1-1-41.—Care of handsaws,

BLADE O FLANE |RON

& B o

Figure 1-1-44, - Parts of a bench plane.

A PLANE IRON CaAP, which is screwedto
the upper face of the plane irom, deflects the
shaving upward through the mouth, as indicated
in Mgure 1-1-345%C, and thua prevents the mouth
from becoming choked with fammed shavings.
The edge of the cap should {it the back of the
iron as shown in figure 1-1-454, not as shown
{n fizure 1-1-%15B. The lawer end of the plane
iron can should be set back 1/32 in. from the
edge of the plane irom, as shown in figura
1-1-454. The irom in & bench plane goes in
bevel-domwm.
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B . Figure 1-1-46,—Manipulation of the adjusting
G nut moves the plane iron up or down,

Figure 1-1-45.—Plane iron and plane iron éap.

The edge of the plane iron is brought into
correct cutting position by the maniprlation of
first the ADJUSTINGNUT and next the LATERAL
ADJUSTMENT LEVER, as shown in figures
1-1-465 and 1-1-47. The adjusting nut moves the
edge of the ron up or down; the latsral adjust-
ment lever cants iftotheright or left. To adjust Figure 1-1-47,—Effect of manipulation of the
the plang you hold it upside-down, sizht along Iateral adjustment lever.
the sole from the foe, and work the adfusHng
nut until the edge of the blade appears. Then

[

work the lateral adjustment lever until the edge
of the blade is in perfect alinement wiih the
sole, as shown In figures 1-1-46B and 1-1-46C.
Then use the adfusting nut tg oive the blade the
amount of protrusion yoo want. This amount will
depend, of course, upon the depth of the eut vou
inmtend to make.

Thare are three types of bench planes {fig.
1-1-48): the SMOOTH pglane, the JACK plane,
and the JOINER plane (sometimes called the
FORE plane or the GAGE plane). All are used
primarily for shaving and smoothins with the
grain; the chief difference is the length of the
sole, The scle of the smoothplane is about 9 in.
long, the aole of the fack plane about 14 in, long,
and the sole of the jointer plane from 20 to 24 JACK PLANE

in. long. : e
The longer the sole of the plane is, the more /‘
unifaormly flat and true the planed surface will i B

be, Consequently, which bench plane yonshould i
use depends upon the requirements with regard
to surface trueness. The smocth plane is, in
general, smacther only; it will plane a gmogth,
but not an especially true surface In z short
time. It is also used for crogs-gratn smoothing
and squaring of end-stock

The jack plane 15 the general “fack-of-all-
awork™ of the bench plane group. It can take a
deeper cul 2nd plane a truer surface than the
smooth plane. The joiner plane 1sused when the
planed surface must meet the highest require-
ments with regard to trusness,

‘A BLOCK FLANE and the oames of itsparts
are shown in figure 1-1-49, HNote that the plane fi
Iron in z bleck plane doss not have a plans iron
£ap, and also that, mlike the iron in a bench
plane, the irow in a Yockplane goes in bevel-up.

SMOO0TH OR
BLOCK

N

JOMHTER

Figure 1-1-48.—Types of banch plapss and
bltck plane.
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Figure 1-1-49.—Block plane nomenclature.

The block plane, which 15 vaually held at an
angle to the wark, 15 uaed chiefly for ¢rosa-
grain squaring of end-stock, It iy alao useful,
however, for smoothing all pline surfaces on
very small work

There are & great variety of special -purpoas
planes, only a faw of which can be mentioned
here, The RABBET-AND-FILLISTER plane i3
used to plans a2 RABBET (g groove cut om the
edge or epd of 2 piece of beard) on an edge, as
shown in figure 1-1-30, A FILLISTERis3imply
a rabbet which has been planed into the outer
edge of a window sash bar, Before planing set
the WIDTH GAGE on the plane to the desired
width of the rabhet, and the DEPTH GAGE to
the desired depth. To use this plane, set it on
the edge with the width zage against the face of
the hoard, and plane down until the further
progres3 of the plane is stopped by thes depth
gaze, The side edge of the plane iton must e
get exactly flush with the side edge of the sole
on the plang. The SPURbreakstrail,as it were,
for the plane iron. Many rabbet-and-fillister
planea do not have the spur.

Figure 1-1-50.—Habbit-and-filllster plage.

The ROUTER plane (fig. 1-1-31) {3 uaed to
smogth the bottom of a groove that has been
roughed out with a chisel. The way the plane
works iz evident ip the iNustrabion.

A BULL-NOSE plane is a small one-hand
plane with the mouth located near the forward
edge of the sole and the fron flush with one or
hoth sides of the sole; it is used for planing
slose into corpers. A PLOWplane usesirons of
different widths, A UNIVERSAL plansisacom-

plicated tpol which is equipped with cufters of
wartms shapes for planing moldings. A MATCH-
NG FLANE cuts a groove on one pisce and a
tongue to “match® it on another.

HLAIJ.E'\

ALADE AQDJUSTHEHT
THUMB SCRAEY

Fizure 1-1-%1.—ERputer plane.

AUGER BITS

The woodworking and metal trades dia-
tinpuish sharply between bits and drills and be-
tween boring and drilling. A woodworker never
says that a hdle is drilled In wood, but uses the
term “hored” instead.

Bits are used for boriog holes far screws,
dowels, and hardware, as an ald in mortising
feutting 4 cavity in wood for jodning members)
and in shaping curves and for many other pur-
poses. Like saws and planes, bits varyin shape
and struchrre with the type of job to be done.,
Snme of the most common bits are deseribed in
this section,

ATGER hits are seraw-shaped tools conslst-
ing of six parts: the cutter, screw, spur, bwist,
shank, and tang. {Jee fig. 1-1-52.] The twist
ends with two sharp points called the spurs,
which score the circle, and-two culting edges
which cut shavincs within the scored circle.
The screw centers the bit and draws it inta the
wood. The threads of the screw are made in
three different pitches: steep, medium, and

" fine. The steep pitch makes for quick boring

and thick chips, 4rmd the fine or slight pitch
makes for slow boring and flne chips. For end-
wood haring, a2 stesp- or medivm-pitch screw
bit showld he uved becavse end wood is likely to
be forced 1o befwesn the fine serew threads, and
that will wravent *hes screw from taking hold,

The twist carries the cuttings away from the
cutters and deposits them in a mound around
the hole.

The sizes of anger Bits are {ndicated I six-
teenths of an inch znd are stamped gn the tang.
A number 10 starmped on the tang means 10,16

-18-
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Figure 1-1-52,—Noumeneclature of an auger bit,

or /8 in.; number § means 516 in. and 5o oo
The most common woodworkers auger hit set
rances in size from 1/4 to 1 fn.

Cedinary auger bits up to 1 in in diameter
are [rom 7 to § [nches long. Short auger bits
that are abmtt 3 1/2 inches long are called
DOWEL bits.

EXPANSIVE auger bits have adjustable cut-
ters, for boring holes of difierent diameters (fig.
1-1-53.) Expansive bits are generally made in
two different zizes. The largest size has three
cutters and bores hales up to 4 inches in dlam-
eter. A scale an the cutter Blade indicates the
diameter of the hole to be bared.

Mare will be said on the maintenance, and
fhe use of auger bits for specific jobs in a Iater
section of this book.

ICaLE . VSET SCHEW TANE

i

ADJISTANLE CUTTEX BLADE

Figure 1-1-53.—Expansion auger bit,

WoOD CHISELS

After a board has been sawed and planed to
size, the next operztion usually is to join it to
another hoard or part of 2 structure. A wood
chisel, figure 1-1-%4, in conjunction with other
tools, is indispensable when making most joints
by hand,

A wood chisel {3 a stes! tool fitted with z
wooden or plastic handls. IFhasasingle bevelsd
cutting edge on the end of the gteel part, or
blade. According to their construction, chisels
may be dividad Into two general classes; TANG
chisels, in whick part of the chize]l snters the
handle, and SOCKET chisels, in whichthe handle
enters inta a part of the chizel., ({See fig.
1-1-34.)

A apcket chisel 15 designed for strikdog with
a wogden mallet {never a steel hammer), while
anltang chisel is designed for hand manipulation
only.

Wood echisels are alzo divided into types,
depending upon their weights and thicknesses,

the shape or design of the blade, and the work
they are intended to do. .-

The shapes of the more common types of
woond chisels are shown In figure 1-1-35, The
FIRMER chisel hasa strong, rectangular-ecross.
section blade, designed far both heavy and light
work. The blade of the PARING chisel is rela-
tively thin, and is beveled along the sides for the
fine parting work. The BUTT chisel has 3 short
blade, designed for work in hard-to-get.ar
planzs.

The butt chisel iz commanly usedior chisel-
ing the GAINS (rectanrular depressions) for the
BUTT hinges on doors; hence the name. The
MORTISING chisel has a narrowblade, designed
far chiseling owt the deep, narrow MORTISES
for moritise-and-tepon jolnts, This work re-.
quires a good deal of levering cut of chips;
consequently, the mortising chisel 15 made extra
thick fn the shaft to prevent hreaking.

A FRAMING chisel is shaped 1ike a firmet
chisel, but has a very heavy, strong blade, de-
sipned for work in rouch carpentry.

Sections 5 and & of this course give you more
on the maintenance and use of the wood chisel.

SCREWDRIVERS

& screwdriver is one of the most basic of
basic handiools. It is also the most frequently
abused of all handiools. It 15 desigped for one
functirm only—to drive and remove screws, A
serewdriver should not be used as 5 pry bar, a
seraper, 3 chisel, or a puneh,

STANDARD SCHEWDRIVER

There are thres main partz o 2 standard
secrewdriver. The portlon you grip 1s ealled the
handle, the stee]l porton extending from the
handle is the shank, and the end which fits into
the serew is called the blade. [Seefig. 1-1-56.1

The steel shank iz designed to withstand
considerable twisting foree in proportiom to its
gize, and the tip of the blade ishardened to keep
it from wearing. Therearetimes whena serew-
driver may beused for gentlyleverinstwopieces
apart, but you must remember that the shank is
not desizned to withstand =evere bending and
the hardened blade will easily break.

Standard screwdriversare classified by size,
according to the combined lenzth of the shank
and blade. The most commeon zizes range in
length from 2 1/2in. to 12 in, There are many
serewdrivers smaller and some larger for
special purposes, The diameter of the shank,
and the width and thicknesa of the blade are
generaily proportionate to the length, but agzia
therg-are special gscrewdrivers with lang thin
shanks=, short thick shanks, and extra wide or
exira narrow hlades.

Serewdriver handles may be wood, plastic, or
metal, When metal handles are used, there is
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Figure 1-1-54.—Tang and socket wood chisels,

Cre=C 1

SOCXET FIRMER CHISEL

C I 1

TAMG PaRIHG CHISEL

I

MORTIS |G CHISEL

BUTT CHISEL

Figurs 1-1-33.—3hanes of comman types of
wiod chisela,

HANMOLE BLADE

SHANK

Figure 1-1-56,~Tomenclature of 2
serewdriver.

usually a wooden hand grip placed on sach side
of the handle. Isome types of woad- or plastic-
handled serewdrivera the shank extends throogh
ti.e handle, while 1n gthers the shank enters the
iandle only a2 short way and iz pinned to the
handle. For heavy work, special types of screw-
drivers are made with a square shank, They are
designed this way so that they may be gripped
with a wrench, but this Is the ¢nly kind on which
a wrench should be usad

When using a screwdciver it 1s important to
select the proper size so that the blade fits the
serow slot properly. This prevents burring the
dlat and reduces the force required to hold the
driver in the slat.

PHILLIFS SCREWDRIVER

Recessed-head serews are now available
under various trade names, Thesshave a cavity
of special shape formed in the head ard require
a specially shaped serewdriver, The mostcom-
mon type found Is the Philllps head screw that
requlres a Phillips-type screwdriver. (See Hez.
1-1-57.)

Figure 1-1-37.—Phillips-head screwdriver.

The head of a Phillips-type screw has a
four-way slot into which the screwdriver fits.
This preveats the serewdriver from slipping.
Three standard sizad FPhilllps screwdrivers
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handle a wide range of screw sizas, Their abil-
ity to hold helps to prevent damaging the slots
or the work surrounding the screw. Itis a poor
practice to try to use a standard screwdriver on
a Phillips serew becauss both the tool and serew
slot will be damaged.

OFFSET SCREWDRIVER

The offset screwdriver is a handy tool for
use in a tight spot. It is somewhat difficult to
handle because the i has atendeney tojump out
of the slot and to burr the serewor surrounding
work, if you are not careful. The coffset screw-
driver has one blade forzedin line with the shank
or handle and the gther blade at rizht angles to
the shank (See fig, 1-1-58.) With such an ar-
rangement, when the swinging space for the
sorewdriver 1slimited, you can change ends after
gach swing and thus work the screw in or out of
the threaded hole, This type screwdriver is to
be wsed when there Is not sufficient space to use
a standard screwdriver.

%

Figure 1-1-58.—0ffset screwdriver,

RATCHET SCAEWLRIVER

For fast easy work the ratchet screwdriver
iz owiremely convenient, ag it can be wsed one-
handed and does oot require the bit to be lifted
out of the slot after each turn. It may be fifted
with either a standard type bit or a special hit
for receased heads, The ratchet screwdriver
is most commonly used by the wopdwarker for
Adriving screws In soit wood.,

A WOHRD OF CAUTION

You should never uze 2 serewdriver to
check an electrieal cireuit where the amperaga
is hich. The current may be gtrong encugh to
arc 20t melt the serewdriver blade. And, never
try to turn a serewdriver with a pair of pliers.

Do not hold work in your hand while uzing a
acrewdriver—if the point zlips It can cause a
bad cut. Hold the work in a vise, with a clamp,
or on 4 solid surface. I thatis impossible, you
will always be safe if you follow this Tule:
NEVER GET ANTY PART OF YOUR BODY IN
FRONT OF THE SCREWDERIVER BLADE TIP.
That iz a good safety rule for any sharp or
pointed togl

PLIERS

The word PLIERS is a plural pame for a
single teol. Fliers are made in many styles and
slzeg and are used to perform many different
operations. There {5 a definite field of useful -
ness for pliers, ket they are emphatically not a
sahstitute for a wrench., Fliers are used for
holding and gripping small articles insituations
where it may be inconvenient or impossible to
use hands.

SLIF-JOINT PLIERS

Slip-joint plisrs (fig, 1-1-53} are pliers with
gtraight, serrated {grooved) jaws, and the screw
or pivot with which the jaws are fagtensd to-
gether may be meoved to efther of twa poaitions,
in order to grasp small- or large-sized objects
better.

To spread the jaws of slip-ioin! pliers, first
Epread the ends of the handles apart as far as
possible. The slip-joint, or pivet, will not move
to the open position, Teo close, again spread the
handles as far a= posiible, then push the joint
back into the closed positien,

Figure 1-1-59.—Slipjoint pliers.

Slip-joint combination pliers (flz. 1-1-80}
are plierz similat to the slip-joint pliers just
described, but with the addifional fsatwe of 2
side cutter at the junction of the jaws. This
cutter consiets of a pair of square cut notches,
one oo each jaw, which act Iike a pair of shears
when an object {s placed bebween them and the
jaws are closed.

The ecutter is desicned to cut material such
as soft wire and nails. To use the cutter, open

Figure 1-1-80.~Slipjoint combinaticn pliers.
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the jaws until the cutter on either jaw lines up
with the gther. Place the matarial to bz cut as
far back as possible into the opening formed By
the cutter, and sgueeze the handles of the pliers
together. Do not attempi to cut hard material
such ag spring wire or hard rivets withthe com-
bination pliers. To do sa will spring the jaws;
and if the jaws ate sprung, it will be difficult
theraafter to cut sSmall wire with the cuters.

VISE-GRIP PLIERS

Vize-Grip pllers (wienches) can he used far
holding objects regardless of their shape. A
screw adjustment in one of fhe handles makes
them suitzble for several different sizes. The
jaws of ¥ize-Grips may have standard serrations
such as the pliers just described or may have a
clamp-type jaw. The clamp-tyse |]aws are Zen-
erally wide and smooth and are used primarily
when working with sheet metal.

Vise-Grip pliers have an advantage owver
other types of pliers in that you ean clamp them
on an object and they will stay., Thig will leave
vyour hands free for ather worl

WATER-PUMP PLIEHRS

Water-pump pliers ware originally designed
for tightening or removing water pump packing
nuts. They were excellent {or thiz job because
they have a jaw adjustable to sevendifferent po-
sitigns. Water-pump pliers {fHz. 1-1-61) are
easily identified by their size, jaw teeth, and
adjustable slip joint. W= inner surface of the
jaws consists of a series of coarseteeth formed
by deep grooves, & surface adapted to grasping
eylindrical objects.

Ancther version of the water-pump piiers is
called Channel-Lock pliers.  They are shaped
approxtmately the same as the pliers just
deseribed, but th: jaw opeoing adjustment is

s,

i . F e o

—

_..f COHVEY = 6 POSITIGHS

Fioure 1-1-#1.~Water pump pliers.

gffacted differently. Channel-Lock pliers havs
grooves an one jaw and lands on the other. The
adjustment is effected by chanzing the position
of the srooves and fands, The Channel-Lockpll-
ars are less likely to slip from the adjustment
getting when gripping an obfect.

OIAGONAL PLIERS

Diagonal cutting pliers (fig. 1-1-82) are
used far cufting srall, licht material, such as

wire and cotter pinz in areas which are inac- ‘
cesgible to the larger cutting tools. Also, .

gince they are designed for cuttlng only, larger
obiecis ¢an be cut than withthe slip-joint pliers.

As the cutting edpes are diagonally offset
approximately 15 degrees, diagonal pliers are
adapted to cutting small objects flush with a
surface.. The Inner jaw surface is z diagonal
straight cutting edce. Dlagonal pliers showld
never be psed to hald abjects, ecause they exert
2 greater shearing force than other types of
pliers of a similar sige. The sizes of the diag-
onal cutting pliers are designated by the overall
length of the pliers.,

SILE CUTTING FLIERS

Side-cutting pliers (sidecutters] are prin-
eipally used for holding, hending, and cutting thin
materials or small sage wire. Sidecutters vary
in glze amd are designated by their overall
length. The jaws are hollowed cut on one side
just forward of the pivot point of the pliers.
Opposite the hollowed out portion ofthe faws are
the cufting edges. :

When holding or bending light metal surfarces,
the jaw tips are used to grasp the object. When
holding wire grasp it asnear cneend as possible
because the jaws will mar the wire., To cut
small diameter wire the side cutting edge of the
jaws near the pivot is used. Meveruse sidecut-
ters to grasp large objects, tghten nuts, ar bend

b
I

Fig. 1-1-f2.—Diagonal-cutting pliera.

heavy gage metal, since such operations will
spring the jaws.

gldecutters are often called electrician or
lineman pliers. Thev are used extensively for
stripping {nsulation {rom wire apd for kwisting
wire when making a splice.

MAINTENANCE OF FLIERS

Hearly all sidecutting pliers and diagonals
are designed so that the cutting edges can be
reground. Some older models of pliers will mot
plose if material is ground from the sufting
edgey. When grinding the cutting edges never
take any more material from the faws thao is
necessary to remove the nieks, Grind the same
amowunt of stack from both jaws.

NOTE: When jaws on pliers do not open
shough to permit grinding, remeve the pin that
attaches the bwo halves of the pliers so that the
jaws can be separated.

-9
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The serrations on the jaws of pliers mustbe
sharp. When they become dull, the pliers should
be held in a vise and the zerrabions recut by
using a small 3-corner file.

Pliers should be coated with light nil when
they are not in use. They should be stored in 2
toolbox in such a mannar that the jaws cannot be
injured by striking hard objects. Keepthepin or
bolt at the hinge just tight enoughtohold the two
parts of the pliers in contact and always keep
the pivot pin lubricated with a few drops of light
oil.

PUNCHES

A hand punch is a tool that is held In the and
and struck on one end witha hammer, There are
many kinds of pumches designed to do a variety
pf jobhs. Most punches are made of tool atesl.
The part held in the hand is usmally actagonal
shaped, or it may be kmurled, This preventsthe
tog! from slipping around in the hand. The other
and is shaped to do a particular job. Figure 1-
1-63 shows some of the most commeonly used
metal punches.

HOLLO'W SHANK GASKET PUNCH

Fizure 1-1-63.—Commonly used punches.

METAL PUNCHES

DRIFT punches, sometimes called “statting
punches,” have a long taper from the tip tao the
body, They are made that way to withstand tha
shoek of heavy blows, They may be used for
Imocking out rivets after the heads have been
chiseled off, ar for freesing ping which are
“frazen” In their holes.

After a pin has been loosened or partizlly
driven -out, the driff punch may be too large to
finish the job. The followup tool to use is the
FIN PUNCH. 1t is desicned to follow throughthe

hole without tamming. Always use the Iargest
drift or pin punch that will fif the hole, These
munches usimlly come fn sets of theee to five
assorted sizes. Both of these punches will have
flat points, never edged or rounded.

Ta remove a bolt or pin that is extremely
tigh, start with a drift punch that has a paint
diameter that is slichily smaller than the diam-
eier af the object you are removing. Assoon as
it loosens, finish driving it out with a pin punch.

Never use a pin punch for startine a pin because
it hag = slim shank and a hard blow may cause
it to bend or hreak.

Angther punch you will use aletisthe center
punch. As the nameimplies, it isused for mark-

ing the center of a hole {0 be drilled. If you try

io drill a hole without first punching the center,
the drill will “wanpder” or “walk away” fromthe
desired center, Another use of the cepter punch
ig to makes corresponding marks om two pleces
of an assembly to permit reassembly in the
arizinal pogitions.

The point of 2 center punch is accurately
ground central with the shank, usually at a 60-
degree angle, and is difficult to regrind by hand
with any degree of accuracy. It is, therefore,
advizable to take care of 4 center punch and not
to use it on extremely hard materials.

Automatie center punches are useful for lay-
put work They are operated by pressing down
on the shank by hand. An inslde spring is com-
pressed and released automatically, siriking a
blow on the end of the punch. The {mpression Is
light, but adequate for marking, and serves to
locate the point of a regular punchwhena deeper
impression 15 required.

For assembling units of 2 machine an aline-
ment (alining) punch 13 invalugble, It 1a usually
abont 1 foot long and has a long graduzl taper.
s purpose is to line up holes in mating parts,

Hollgw metal cufting punches are madelrom
hardened fool steel. They dre made in various
slzegs and are used to ¢ul bholes in light gage
sheet metal.

Cther punches have beendesigned for special
uses. Ume of these is the soft-faced drift. It is
made of brass or fiber and lauvsedfor such jobs
as removing shafts, bearings, and wrist plns
irom engines. It isgenerally heavy enourhtore-
gist damage to ltself, but =oft enough not to in-
jure the finished surface onthe partthatis being
driven.

GASELT PUNCHES

¥ou may have to make gaskets of rubber,
cork, leather, or composition materials, For
cutting holes in gasket materials a hollow shank
gasket punch may be used. Gasketpunches come
in sets of various gizes toaccommodate standard
bolts and studs. The eutting end is tapered to a
sharp edge to produce a ¢lean, uniform hole. To
use the gasket punch, place the sasket rmaterial
ter be cut on & piece of hard wood or l2ad so that
the cutting edge of the punch will not be damaged.
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Then strike the pumeh with a hammer, driving it
through the gasket where holes are required,

MEASURING TOOLS

The ability to lay out work and to measure
accurately depends upen the carrectuse of meas-
uring tools and the ease with which the gradua-
Hnons on these tools are read. While each of the
measuring tools explainad in this section isused
for a specific purpose, they are all graduated
according to the same sygtem cflinear measure.

There are many different types of measuring
tools in use, Whare exzet measure-
ments are required a micrometer caliper (mika)
f5 used. Such a caliper when properly used,
gives measurements to within Q001 of an inch
accuracy. The common rule or taps will auffice
for most measurementa that you will need.

RULES AND TAPES

Figure 1-1-§% shows some of theé types of
rules and tapes commanly uaded. : of
all measuring tools, the simplest and mast com-
mon i3 the steel rula. Thia rule 1s usually 8 or
12 inches, although other lengths, such az 4 In.,
18 in, =nd longer, are available, Steel rules
wmay be flexible or nonflexihle, but the thinner
the rule, the easier It is to measure accurately
hecause the division marks are closer to the
work.

HOGK RULE

STZEL FULE
WITH HOLOEAR

Fizure 1.1-64,~-Some common types of rules.

Generally a rule has four sets of graduations,
one an ezeh edge of each side. Thelonzest lines
reprasent the inch tmarks, Cn one edges, sach
ineh is divHded into A equal spaces; 50 each space
represents 178 in. The other edge of this aide
is divided into sixtaenths. The 1/4-in. and 1/2-
in. marks are commonly made longer than the
smaller division marlstofacilitate ceounting, but
the graduations are not, as a rule, numberad In-
dvidually, as ey are sufficiently far apart to
he counted without difficulty, The oppesite gide
iz simflarly divided into 32 and 64 spaces per
inch, and it i3 commean practice tonumber every
fourth divlsion for sasier reading.

There ate many variatioons of the commoan
rule, Sometimes the graduations are on oue side
only, sometimes a zet of graduations is added
across one end fOT measuring inparrow spaces,
and sometimes onlr the first Inch is dvided into
f4ths, with the remaining inches divided intp
3fnds and 16ths.

For measuring lensths greater than 1§ in.,
iclding steel, wood, or azluminum rules can hs
iged. Thzase are called folding rulss and are
usualty 2 to 6 fe=t lonr. The folding rules caanct
be relied oo for exiremely accurate measure-
ments becanse 4 certain amount of play develops
at the jolnts after they have been used for a
whlla.

Steel tapes are made from 6 to about 100
ft. in length, In the shorter lengths, these are
frequently made with a curved crass section s0
that they ares flexible enough to roll up, but re-
main rigid when extended. Lomg, flat tapes re-
quire support over their full length when meas-
uring, ar the natural sag will ¢ause an error in
reading. ’

The flexible-rigid tapes are usually con-
tained in metal cases into whichthey wind them-
2elves when 3 butfor 15 pressed, or into which
they can be easily pushed. A hock is provided
at one end fo hook over the cbject beinz meas-
ured so one man can handle IfF without assist-
ance. On some models, the outside of the cage
can be used as one end of the tape when meas-
uring ingide dimensions.

Rnlea and tapes should be handled carefully
and kept lizhtly oilad ta prevent rust, Never
allow the sdges of meamuring devices tobecoms
nicked by strildng them with hard ohjects. They
should preferzbly be kept in 2 wooden box when
not in use,

To avoid knking tapes, pullthem straight out
from their casea--do not Bend them backward,
With the windup fype, always turn the crank
clockwige —turning it bacEward will Kink or break
the tape, With the spring-wind type, guide the
tape by hand If itizallowedtosnap back, it may
be kinked, twisted, or otherwise damaged.

SIMPLE CALIPERS

Simple callpers are used in conjunction with
a scaletnmeasuredizmeters, The ¢alipers most
commonly used are shown in flg.
1-1-64.

Cutside calipers for measuring outside diam-
eters are bow-legzed; those used [or inside di-
ameters have straisht legs with the leet turned
called firm-joint calipers. These calipers
are adjusted by pulling or pushing the legs fo
open or close them. Fine adjustment is mads
by tapping one lez lizhily on a hard surface to
close them, or by ;urnlog them upside down and
tapping on the joint end ta open them. A variant
of the Hrm-joint has a4 small screw [or making
flne adjustments.
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Spring-joint calipers have the legs joined by
a strong spring hinge and linked together by a
screw and adjusting nuat.

For measuring chamfered cavities, or for
use over flanges, transfer calipers are avail-
able, They are equipped with a small auxilfary
leaf attzched to ome of the legs by a screw,
{See fiz. 1-1-65.) The measurement is made as
with ordimary calipers; then Ehe leaf iz locked
to the leg. The legs may be opened or closed
ag peeded to clear the obstruction, then brought
back and locked tao the leaf again, thus restcrruL_.
them to the original setting.

A different type of eallper [s the her-
maphrodite, sometimes called odd-leg cali-
per, This has one straight leg ending ina
sharp point, spmetimes removable, and onebow
lag. The bermaphrodite ealiper is csed chiefly
for locating the center of 4 shaft, or for locating
a shoulder.

Eecep calipera clean and lishtly oiled, but
do not overail the joint of firm joint calipers
pr you nay have difficulty in keeping them
ticht. Do not throw them around or uge them
for screwdrivers or pry bars, Hemember
they are measuring Instruments and must
be used only for the purpose far which they
are intended.

CALIPER SQUARE

The mazin disadvantage to erdinary calipers
i5 that they do not give a direct readinp. Tt is
necessary to measure across the points of a
caliper with an cordinary scale ip get the
measurement. To overcome this, the callper
=square, (fig. 1-1-86) soretimes called a slide
ealiper, is available,

Slide calipers cati be used for measuring out-
side, inside, and other dimensioms. One aide of
the caliper is ufed a3 a measuriog rule, while
the scale oo the opposite side is used {n measur-
fnz outside and inside dimensioas. Graduations
on both scales are in inchesand fractions there-
of. 4 locking serew is incorporated to hold the
slide caliper jaws in position duringuse. Stamped
on the frame are two words, “IN' and *'OUT,"
te be ufed in reading the scale while making
inside and mrtside measurements, respectively.

Pocket slide calipers are commonly made
In 3-in. and 5-in. sizes and are gradmated to
read in 32nds and fdths, Packet zlide ealipers
are wvalmable when exireme precisioo is not
required. They are frequently used for dopli-
cating work when the expense of fixed pages is
not warranted.

VERNIER SCALE

When extreme accuracy and close tolerances
are neesded, measuring teols that incorporate a
vernisr scale may be used.

The fimdamental idea behind the wvernier
scale is to divide a line of lmown length into
equal parts, and to compare the langth of cach
part with those on a2 line the same length as
the first one, but divided into one less part.

Figure 1-1-67 shows a bar 1 inch long
divided by graduations intg 40 parts sothateach
gracuation iodlcates ooe-fortieth of an inch
(0.025 inch}l. Ewvery fourth grazduation {s num-
bared: each numhker indicates tenths of an
inch (4%D.025 inch), The wernier, which slides
aigng the bar, is graduated into 25 divisions
which tarether, are a5 long as 24 divisions on
the bar. Consequently, each division of the
varnter is 0.001 inch smaller than each divi-
sion on the bar. Verniers that are callbrated
as just explalned are known as English-meas-
ure verniers, The mefric-measure verniar is
read the same, except that the units of measure-
ment are in millimeters, and the fractions are
all decimal fractions.

Ome of the most common applirations of the
vernier scale is the mernier caliper.

VEANIER CALIPER

Perhaps the most distinet advantage of the
vernier caliper is the ahbilify to provide very
acpurate measuwrements over a large range. It
can be used for both internal and exterpal sur-
faces. Pocket meodels usually measure from
zoro to 3 in,, but sizes are avatlable all the
way to 4 £,

A vernier caliper (tig, 1-1-68) consists of
an L-shaped member with a scale engraved on
the long shank. A sliding member is2 free to
move on the bar and czrries a jaw which
maiches the arm of the L. The vernier scale is
engraved oo a small plate that is attached to the
sliding member,

HEADING A WERNIER CATLIPER

Ficure I-1-88 A illustrates the English
measure vernier caliper. Figure B shows an en-
larged view of the vernler used. As you can
see in this Hgure, when the zero on the vernier
coineldas withimthe I-tnotr mmark, oo other lines
coincide until the 25th mark omn the vernier. Now
count the division on the inch rule. There are
only 24 such divisions (each egual to 1/40 inch}
opposite the 25 divislons on the vwernier. This
means that the vernier divisions are a liftle
parrower than those on the rule. Since sach of
the 24 spaces om the rule equals 1/40'" the
whole wernier scale is 24 X 1740 or 24 X
0.0025 = 0.600", Thus one divigion on the
vernier equala 1/25 of 0.800"", or 0.24"". 8n, the
difference between a divizion on the vernier and
on the Tule is 0,025 -~ 0.024™ = 0.001". When
measuring, therefare, for each divisior on the
vernigr, count from its zero point to the line
which coincides with a line on the rule, a2nd to
the reading oo the Tule at this point, add §.001™.
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OUTSIOE CALPERS
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Figure 1-1-65.—5imple calipers—num:alﬂ:rrated
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Tao read the caliper in figure 1-1-55(, write
down in a column the pumber of fnches (1,0007,
of tenths of an inch (0.4007"), and of thousandths
of an ingh the zero mark on the vernier is
from the zZero mark on fhe rule,. Bacause
the zero mark on the verpisr 15 a little past
a 0,023 mark, write down the 0.025'" and then
note the highest number on the vernier where
a lins on the wernier concides with one on the
rula. In this case (Fig. 1-1-69C) 1t is at the
G011 line on the vernier, s0 vou also write
the 0,011 in the column which will then Ioagk
likce this: .

1.000"
L0
025"
o1

13387

The reading on the caliper shown in figure
1-1-89 C is 1.436", apd was obinined by adding
four separate ‘‘readings,'” After alitiie practice
you will be able to make thesze calculations
mentally.

Now try to read the seitings of the twao
vernlers shown in figure 1-1-69 It Follow the
above procedurse. Yo should read 2.350" anthe
first setting and 2.388" on the second one.

To read 4 metrle-measure vernier, note the
nummbier of millimeters, and the 0.25 millimeter
i the setting permits, that the zero on the
vernier bas moved from the zerso on the scale.
Then z2dd the number of hundredths of 2 milli-
meter indicated by the line on the vernier that
coincides with a line on the seale,

Far example, fipura 1-1-70 4 shows the zero
graduation on the wernier ecolnefding with a
0.5~-mm. graduation on the EBcale. This indi-
cates that 0.08 mim. should be added tothe scale
reading, The reading In figure 1-1-T0 B equais
38.00 mm. + 0.53 mm. + 008 mum. = 3B.5E
mm- .

If a vernier caliper is calibrated in either
English measure or in metric measure, wsually
tme &lde will be calibrated bo take cutside
measurements and the other to take inzide
measurements directly. The vernfer plate for
inside measurements is set to compensate for
the thickness of the measuring points of the tools.
But if a vernier caliper iz calibrated for both
English and metric measu-e, ome of the scales
will appear on one side and one on the other.
Then it will be necessary, when taking insida
measurements over the measuring points, kaadd
certafn amounts to allow for their thiclmess; for
example, the following table shows the amounts
to be added for various sizes of vernier calipers:

Measuring Point Allowances

Size of English Metric

Caliper Meazure Measure
6 or 1530 mm . | Add 3.250”..." Ad 6,35 mm.
12™ ar 300 mm . o0, T.62 mm,
24" pr 600 mm . <[4 R T.62 mm.
36" or 600 mm . =11 A 12.70 mm.

CARE OF THE VERNIER CALIPER

"The inside faces of the laws and the outside
of the tips must Ye treated with great care, If
they become worn, or the jaws hent, the tool
will no lapger give accurate readings. The
acouracy of vernier calipers should be checked
periodically by measuring an chiect of known
dimension. Yernier calipers can bhe adjusted
when they are not accurate, but the manufas-
turer's recommendations Ior this adjustment
must be followed.

Keep vernier calipers lightly oiled to pre-
vant rust and keep them stored zway from
heavy toDls, A vernier caliper looks semething
like a monkey wrench, but never use it as such,

MICROMETER

In much wider use than the vernfer caliper
ig the micoometer commonlycallad the “ mike.'"
It is important that a person who is worldng with
machinery or In a2 machine shop thoroushly
understam] the mechanizal principles, construc-
tion, use, and care of the micrometer. Figure
1-1-71 shows an outside micrometer caliper
with the varions parts clearly indicated. Before
attempting to nse the tool, you should become
farmiliar with the nomenclature, especizlly the
frame, anvil, spindle, sleeve (barrel}, and
thimble. Micrometers are needed to measure
distanges o the nearest cne thousandth of an
inch, The measurament is uwsually expressed
or written as a decimal; sg you must know the
methed of writing and reading decimals.

TYPES OF MICROMETERS

There are three types of micrometers that
are most commanly used:
the outside micrometer caliper (including ihe
serew thread micrgmeter}, the inside mierom-
eter, and the depth mlcrometer. (See fig, 1-1-
72.} The outside micrometer is used {or meazs-
uring putside dimensions, such as the dlameter
of a pieée of round stock. The screw thread
micrometer 15 used to determine the pitch
diameter of screws. The ingide micrometer 15
used for measuring inside dimensicms, as for
example, the inside diameter of a tube or hole,
the bore of a ¢ylinder, or the width of a recess.
The depth micrometer iz used for measuring
the depth of holes or recesses,

SELECTING THE FROPER
MICROMETER

The types of micrometers commonly used
are made so that the longest movement pogsible
hetween the spindle and the anvil {s1inch. This
mavement is called the “range.’’ The frames of
micrometers, however, are available in 2 wide
variety of sizes, from 1 inch up to as large as
2% fnches. The range of 2 I-inch micrometer
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ig {rom 0 to 1 inch; in other words, it can be
used on work where the part to be measured
is 1 inmeh or less. A 2-inch mierometer has
a range from 1 inch to 2 inches, and will meas-
ure ooly work between 1 and 2 inches fhicls
a 6-inch micrometer has 3 range from 3 ip B
inches, and will measure only work between 3
amd § inches thick. It is necessary, therefore,
that the machanic in selecting a micrometer
first find the approximate size of the work to
the nearsst inch, and then seleet 2 microm-
eter that will fIf if. For example, to find the
exact diameter of a piece of round stack; use
a rule zand find the approximate diamefer of
the steeck. If it is found to he approximately
3 1/4 Inches, a micrometer with 2 3- to 4-
inch range would be required to measure the
exact dlameter, Similarly, with inside and
depth micrometers, rods of sultable lengths
must be fitted into the tecl to get the approxi-
mate dimension within an inch, after which the
exzct measurement is read by turning the
thimbtle, The size of a micrometer 1s given
as the size of the largest work it will measure.

A, Frame D, Sleevye
B. Anvil E. Thimble
C. Spindle F. Ratchet stop

Figure 1-1- 71, ~Nomenrlature of an outside
mierometer caliper.

INSIOE MICRAMETER ANOD EXTEMSIIN ROSS

REA™™NG A MICEOMETER
CALIYER

The spindle and the thimble of the microm-
gter caliper illustrated in figure 1-1-71, which
shows the parts of a l-inch micrometer caliper,
are in onz piece. The spindle is moved toward
or away from the anvil by turning the thimble,

The sleeve and thimble seales afthe microm-
etar caliper have beenenlargedinfigure 1-1-73.
To upderstand these scales, vou need to kmow
that the threaded section on the spindle, which
revolves, has 40 threads per inch. Therefora,
every time the thimble completes a revolution,
the spindle advances or recedes 1/40" (0,023,

Notice in figure 1.1-73 that the horizontal
line on the sleeve is divided into 40 2gual parts
ger Inch. Every fourth graduation is numbered
1, 2, 3, 4, ete,, representing 0,100, 0.200",

et T T
THIMELE SCALE — . el
SLEEVE SCALE _\"‘l\.—j_{j /
500 L v

| .
pos 1y 20
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Figure 1-1-73.—=5leave and thimhle seales of a
micromater (enlarged},

SCHEW THHEAD MR AOMETER

D -1 02, —Common types of micrometers, : DEPTH MCROMETER AND EXTEHSEON BO05
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ste. When you burn the thimhle so that its edza
is gver the frst sleeve line past the 0" an the
thimble scale, the spindle has opened 0,025".
If you turn the spindle o the second marlk, it
has moved 0,025 plus 0.0257 or 4,060 . Yau
z2e the scale an the thimble to complate your
reading when the edge of the thimhle stops be-
tween craduated lines. This scale isdivided into
25 equal parts, each part representing 1/25 of
2 turn.  And 1729 of 0.025" is 0.001". As you
pan Seeg, eVErY fiith line on the thimble scale 1=
marked, 3, 10,15, ete, The thimhble scale, there-
fore, permits you to take very accurate readings
t5 the thousandths of an inch, and, since you can
astimaie between the divisions on tha thimble
scale, fairly apeurate readings to the ten thou-
sandth of an inch are possible.

The claseup In figure 1-1-T4 will help yora
anderstand how to take a complete micrometer
reading, Count the units on the thimble scale
and add them to the reading an the slesve scals.
The reading in the fipure shows 2 slegve read-
ing of 0.250" (the thimble having atopped slightly
more than halfway between 2 and 3 om the
gleeve) with the 1Tth lire oo the thimhble scala
coineiding with the horizental sleevaline. Num-
bar 10 on this scale means that the spindle has
moved away from the anvil an additional 10
¥ 0.001" or 0.010". Add this amoaumt ta the
0250 sleeve reading, and the tatal distance

ia 0,260,

Figure 1.1-74.—Head 2 micrometer caliper.

Read ecach of the micrometer settings in
flgure [-1-75 30 that you can be gure of your-
salf when you begin bouse this toal on the job.

The correct readinzs are given follawing the
flgure 3o that you can check yoursell,

Figure 1-1-76 showsa reading 1n which the
harizontal line falls between two sraduationa oo
the thimble scale and is closer to the 15 grad-
uatian than it is to the 14 Tq read this to
THREE decirmal places, refer to figure I-1-76
A, To read it tpFOURdecimalplaces, estirmate
the number of tanths of the distance hetwaen
thimhle-5ecale gradwations the horizontal line

has fallen. Each tenth of this distance equ:a..L-sr

ome ten-thausandth (0.0001) of an inch.  Add
the ten-thousapdths to the reading a3 shown in
figure 1-1-76 B.

Readipg a Verntar
Mlcrometar Caliper

Many times you will be required to work to
gxceptionally precise dimensions. Under these
ropditions it is bDetter to use 2 ten-thousandth
micrometer, This insirument has a third seale
whiéh is a vernier scale, shown infigure 1-1-77,
thab furnishes the fine readings betweenthe lines
on the thimble rather than making youeatimate.
The 10 spaces on the vernier are eguivalent to
9 spaces on the thimble, Therefore, each unit
an the vernier scale i3 equal to 0,0009" and the
difference betwaen the sizes of the units oneach
Brale ia 9.0001'",

When a line on the thimble scale doegs nost
coingide with the horizontal sleeve line, youcan
determine the additional space beyond the read-
able thimble mark by f{icding which vernier
mark cofncides with a line on the thimble scale,
Add this oumber, as that many ten-thousandths
of an ioch, to the original readlng. In figure
1-1-7H sge how the second line an the vernier
scale coincides with a lIne qn the thimble scale.

This means that the 0,011 mark on the Ehim-
hle scale has been advanced an additional
0,0002" beyond the horizontal sleeve line, When
you add this te the gther resdings, the reading
will he 0,200 + 0095 + 0,011 + 0.0002 or
0.2462", as shown.

CARE OF MICROMETEES

Keep micrometers clean and lightly woiled.
Make surs they are placed In a case or box
when they are oot inuse. Anvil faces must e
pratectad from damage and must not be cleaned
with emery cloth or other abrasive,

If a 1 lnch micrometer caliper does notread
zors when the spindle touches the anvil, and
both are clean at the paint of contaet, the zero
satting should be corrected. Thiswill eliminata
the oecessity of adding or subtracting a zETs

corraction’t numerically b edfel” redding as *°

would ctherwise be necessary if this adjustment
ware not made,

The zerg setting on all micrometers is mot
made in axacily the same way. Hefer to either
the instructions that come with the micrometer
or to the manufacturer's catalog for specifie
directions far 4 particular toal.

Master test gages are sommetimes supplisd
for checking the acouragy of the micrometer.
If thesz are not avallable, gage blocks can ke
used for this pwrpose, To adjust a mierom-
eter larger than a [-ineh size, a master test
gage or gage block must be'used hetween the
anvil and spindle to test for the correct zerc
reading.
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SQUARES

Bquares are primarily wsed for testing aod
checking trueness of an angle or for laying qut
lines oo materials before cotting., Most squares
have a rule marked on their edee and may also
be used for measuring. Thereare several bypes
of squares commonly usad by per-
sonnel warking with wood and metal.

CARPENTER'S SQUARE

The size of a3 carpenter’s steel square is
usually 12 inches x 8 Inches, 24 inches x I8
fnches, or 24 inches x 18 -inches. The 12- ar
24-inch side is called the blade apd the 8-, 16-,
or 1B-inch side, which i= at right angles to the
blade, is called the tongue, (3eq fiz. 1-1-78.)
The flat sides of the hlade and the tongue are
graduated in imches and fraetions of an inch,
Both the blade and the tongue may he used as

. & rule and also as z straishtedze in layout op-

arations. Besides the Ilnch and fractional
graduations on the square, several tables {fig.
1-1-79) are marked cn it. _

The carpenter’'s square enables you, when
working with wood, to lay oot puldelines for
eutting Taftera, oblique joints, skairs, and zo
forth. You can perform many calculationg with
the atd of the tahles and graduations marked on
the blade and tonrue of the =quare. The most
common uses for this square are laying out and
squaring up large stock aond large patterns, and
for testng the flatness and saquareness of large
gurfaces by placing the square at right anglea
to adjacent surfacea and obseiving iflight showa
between the work and the aguare,

TRY S5QUARE -

The try square (fig. 1-1-80} consists of two
parts at right angles to each other; athick waaod
or iran stack and a thin, steel blade. Most try
squarss are made with the blades gradvated in
inches and fractions of aninch. Theblade length
varies from 2 inches to 12 inches., This aquare
13 usad for setting or checking lines or surfacea
which have t3 e ar riphtangles toeach other
The carpentar's square can be used for the
same purpass, but is often too large (o use

accurataly.
ALIDING T BEVEL

The aliding T-bevel {fiz. 1-1-B1} i3 an ad-
justable try aquare with a glotted heveled hlade.
Plades are normally 8 or 8 Inches long. Tha
gliding T-bevel i3 used for laying out angles
ather than right anglea, and far teating con-
structed angles such as begvels. These squares
are made with either wood or metal handles.
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FACE OF SQLARE

KAFTER TAALE

BRACE MEASURE TASLE

ESSEX HOARD MEASLURE TAALE

paACK OF SQUARE

Figure 1-1-78, —Carpenters sguare.

COMEINATION SQUARE

A combination agquare that is equipped with
3 SQUARE HEAD, PROTRACTOR HEAD, and a
CENTER HEAD iz the most versatile layout tool
that 1s used by personnel. As its name
implies; it comblnes the functions of several
tools, and serves a wide variety of purposes. It
conslsts of a hardened steel seals and the mov-
able heads. (See fig, 1-I-82.) :

The SQUARE HEAD may be adjusted to any
position along the scale and clamped securely,
or may be removed eotirely. It can thus serve
as a depth gage, height gage, or scriblog gage.
Two of the faces of the head are ground at right
angles to each other, and a third face at 43 de-
grees, A small spirit level is built into the
head for cheeking whethsr surfaces are plumhb,
and 2 small scriber is housed in a hole in the
end pf the head for marking layout lines.

The CENTER HEAD can be slid or to the
blade in place of the stock head. This jsa V-
shaped member $o designed that the center of
the 50 degres V will lie exactly along one edge
of the blada. This attachment 183 usaful when
lneating the exact conter of roursd stock.

The PROTRACTOR HEAD, commor'y called
a bevel protractar, can be attached to tae geale,
adjusted to any position on it, and turned and
locked at any desired angle, Seme types have a
shoulder on only one side of the blade, others
have it extending on bath sides. Angular grad-
uations usually read from 0 to 180 degrees both

SLIDING T
BEWEL

Figure 1-1-B1.—3lding T-hevel,

ways, pe-mitting the supplement of the angle ta
e read. A spirit level mavhbe included on ao0me
madels formiog, in effect, an adjustabls leve]
to show any reguired degree.
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CARE OF SQUARES

Make certain the blades, heads, dials, and
all accessories are clean. Apply a light coat of
oil on all metal zurfaces to prevent rusting
when not in use. Do not use squaras for pur-
poses other than thase intended. When storing
squares or bevels far long periods of time,
apply a liberal amount of gil or rust-preventive
compound o all surfaces, wrap in oiled papar
or cloth, and place in contaipers or on racks
away from other tools.

MISCELLANEOUS MEASURIMG GAGES

There are a pumber of migcellanecus tocls
that are called gazes and maybe usedfor meas-
uring or testing and setting distances. Some
of the gages that will be discuased here will also
pe useful for layout wark as well as for meas-
uring.

DEPTH GAGE

A depth gage 15 an instrument for measuring
the depth ofholes, slots, counterbores, recedses,
and the distanee from 2 surface to some recessed
part. The RULEDEPTH GAGE andthe MICROM-
ETER DEPTH GAGE are the most commonly
usad, {See fiz. 1-1-83.)

The rule depth gage s a graduated rule with
a sliding head designed to bridge 3 hale or slot,
and to hold the rule perpendicular to the sur-
face on which the measurement is taken. This
type has a measuring range of O to 5 inches,
The slidipg head has a clamping screw 50 that it
may be clamped in any position, The sliding
head has a flat base which is perpendicular to
the axis of the rule and ranges in size from 2
ko 2 5/8 inches in width and frem 1/8 te 1/4
ineh in thickness.

The micrometer depth gage consists of a
flat base attached to the barrel {slegve) of a
micrometer head. These gages have 3 range
from 0 to § inches, depending on the leneth of
extension rod used. The hollow micrometer
serew (the threads on which the thimble rotates)
itsalf has a range of elther 1/2 or 1 inch. Some
are pravided with a ratchet stop. The flat base
ranges in size from 2 to B fnches. Several ax-
bensign rods are normally supplied with thistype
of gazge.

SURFACE GAGE

A surface gage is a measuring tool ganerally
used to transiay measurements by workhy serib-
ing a line, and to Indicate the acouracy ar paral-
lelism of surfaces,

The surfice gage (fiz. 1-1-84) consists of a
base with an adustable spindle to which may be
clamped a scriber or anr indicator. Surface
gages are made in several slzes andaze classi-
fled by the length of the spindle, the smallest
spindle being 4 Inches long, the average 9 ar 12
inches long and the larzest 18 [nches. The
seriber 15 fastened to the spindle with a elamp.
The bouom and the front end of the base of the

. surface.

surface gage have deep V-grooyes cutin them,
whick allow the gage ta measure from a cy-
lyndrical surface,

ihe spingle of a surface gfage may be ad-
jfusted to any position with respzct o the base
and tightened in place with the spindle oub.
The rocker adjustng screw provides for the
finer adjustment of the spindle by pivoting the
spindle rocker braekst. The scriber can be
positioned at any height and in any desired
direetion cn the spindle by tightening the seriber
aut. The seriber may also be mounted directly
in the spindle nut mounting, in place of the
spindle, and used where the worldng space is
Iimited and the heizht of the workis within range
of the scriber.

SURFACE PLATE

A surface plate providesa trug, smaoth, plane
It is a fat-topped stzel or east iron
plate that is heavily ribbed and reinforeced an
the under side. (Ses fig. 1-1-85.} It is often
used in conjunction witha surfacegageasa level
base on which the gage and part to be measured
are placed to cbtain acourate measurements.

The surface plate can alsobeused for testing
parts that must have flat surfaces. Before using
the plate for testing smear a thin filmof Prussian
blue, or some other color pigmeat, on its sur-
face; then rub the flat surface to be testad over
ie plate and the color pigment will stick to the
high spots,

The surface plate should be covered when
not in use to prevent scrabching, nicking, and
denting. It must je handled carefully to prevent
warping (twisting). Never vae the surface plate
as an apvil ar warkbench—except for precision

" layout werk (marking and measuring),

THICKNESS (FEELER) GAGE

Thickness (feeler) gages ara fixed In leaf
form, to permit the checking and measuring
of =small openings such as contact points, nar-
row slots, and so forth. They are widely used
to cheek the flatness of parts in straightening
and Frinding operationsmamd in squaring ahfacts
with a try square. .

Thickness gases are made in many shapes
apd sizes; usually 2 to 28 blades are grouped
inta one tool and graduated in thousandths of an
inch. (See fig, 1-1-86.) Mast thickness gage
blades are straight, while others are bent at
the end 2t 45 and 90 degree angles, Same thick-
neas gages are grouned so that thereare several
short and several long blades together. Thick-
ness gages are also available in single blades
and [n strip form for specific measurements.
For convenience, groups of thicknessbladesare
equipped with a locking screw in the case thal
locks the blade ta be used in the extendad posl-
tion.
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Figure 1-1-B3.—Typas of depth gages.

-35-



ROCHER
ADJUSTING
SCREW

SPINCLE
NUT

Figure 1-1-85,~3urface plata.

THREAD GAGE

Thread gages [(serew-piteh g a5} are usad
to determine the piteh and the number of threads
per inch, - (3ee Hg. 1-1-37.) They gonsist of
thin leaves whose edges are toothed to corre-
spond to standard thread sections.

To measure the piteh of a thread, compare
it with the standards of the gage, holding a gage
leaf to the thread beinz gaged until you find an
exact fit, [f possible, lodk at the ff toward 2
source of light, since a difference of one thread
arms. The taol may then be withdrawn and the
distance aceiss the arms measuresd,

These togls are commonly furnished in sets,
the smallest gage for rmeamering distancesirom
3716 o 1/ 2 inch, and the largest jor distances
from 3 1.2 to 4§ inches.

= =

JINCLE BLATIE

F TAFPERED
LELYES - METRIC

TILEAYEL 28 LEAYEL

Figure 1-1-86.-Thickness (Feeler) gages.

per inch, in the finer threads, is not easily
datectad.

The number of threads per inch ia Indicated
by the numerical value on the blade which ia
found to fit the threads. Using this value asa
basis, correct sizes of nuts, halts, tap cutters,
amd die cutters are selected for use on the
threads.

If the oumber of threads per inch om a mat
agual the number of threads per inch on a balt,
the nut canbe sucsassfully apnlied without danger
of siripping the threada an either,

WIRE GAGE

The wire gage (fiz. 1-1-84)isused for gaging
metal wire, and a2 similar gage 15 vsed to check
the size of hot and cold rolled steel, sheet and
piate iron, and mugic wire. The wire gage is
clreular in shape with cutonts inthe outer perim-
gter. Each eutout gages a different size wire
from 0 to 36 of the Ernglish Standard Wire Gage.
A different gage is used for American Stapdard
wire, and stll anather for 1.5, Standard sheet
and plate iron and steel,

TELESCOPONG GAGE

Telezcoping gagesare uded for measuring the
inside slre of slota or holes up to 6 inches In
width or diameter. They are T-shaped tools in
which the shaft of the T is usedas a handle, and

‘e orossarmused Tor measuring, (See fig, 1-

1-89.} The crogsarms. telegscope intoeach other
and arz held out by a light spring, To use the
gage the arma are campressed, placed in the
hole to be mezsured, and allowed to expand. A
twist of the laclknut on top of the handle locks the
arms, The togl may then be withdrawn
and rhe distance acroess the sarms mea-
sured.

SMALL HOLE GAGE

For measuring smaller slats or holes than
the telescoping gages will measure, small hole
giges ran be used. These gagescomein sets of
four or more and will measure distances of
approximataly 1,8 to 1,2 inch.

The small hole gage (fig, 1-1-69]) consistact
a small, split, ball-shaped member mounted on
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Fipure 1-1-88.—English standard wire gage,

the end of a handle. The ball is expanded by
turnicg 3 Jourled mob on the handle untfl the
proper feel is obtained, and then the siza of the

‘ball-shaped member on the end of the gage ean

be measured with an ottside micrometer calipar.
On some types of small hole gages, the ball is
flattened at the bottom oear the centerline to
permit uge In shallow holes and recessed.

MAREING GAGES

A4 marking gage 13 used to mark off guide-
lines parallel to an edge, end, or surface of a
Mece of wood ar metal, It has 2 sharp spur ar
pin that doea the marking,

Marking gagea (fig. 1-1-90) are made of
waod or ateel. They consist of a graduated
beamn about 8 inches long on whicha head slidas.
The head can be fastened at any point on the
beam by means of a thurmhscrew. The thumb-
screw presses i brass shoe tiphtly against the
beam and locks it firmly in position. The steel
pin or spur that does the marking projectsfrom
the heam about 1/15 inch.

HEADL

1 BEAM

ITERL

WO —

Figure 1-1-80.~Marking gages.

TAPS AND DIES

Taps and dies are used to cut threads in
metal, plastics, or hard rubber., The taps are
used for cuttng internal threada, and the dies
are used to cut external threada. There are
many different types af tapz, However, the
most common are the taper, plug, hottoming,
and pipe taps. (See fig. 1-1-51.}

The taper (starting) hand tap has a chamfer
length of 8 fo 10 threads. Thase taps are used
when starting a tapping operation and when
tapping through holes.

Plug hand taps have a chamfer length of 3
to 5 threads snd are designed for use after the
taper tap, )

EBaottoming hand taps are wsed for threading
the bottom of a blind hole. They have a very
short chamfer length of only ! to 1 1/2 threads
far this purpose. This tap 1s always used after
the plug tap has already been uged. Baoth the
taper and plug taps should pracede the use of
the boltoming hand tap,
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Pipe taps are used for pipe fittinga and other
places where extremely tightfitaarenecessary.
The tap diameter, from end to end of threaded
portion, inerzases at the rate of 3/4 inch per
foot. All the threads om this tap do the cufting,
a3 compared to the straicht teps whers only
the neochamfered portcn does the cutting,

Diea are made in several differant shapes
apd are of the solid or adjustable type. The
square pipe die {fiz. 1-1-92}) will cut American
Standard Pipe Thread only. I comesina varlety
of gizes for culting threads on pipe with diam-
stera of 1/B inch to 3 inches,

A rethreading de (fig. 1-1-32) is used prin-
pipally for dressing over brulsed or rusty
threads on screws or bolts. It is available in a
variaty of sizes for rethreading American
Stapdard Coarse and Fine threads. These dias
are usually hexageo in shape and can be turned
with a socket, box, open-end, or any wrenchihat
will ##t. Rethreading dies aTe available in set3
of §, 10, 14, and 28 assorted sizes in a case.
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Hne-piteh screw which farees the sides of the
die apart or allows themto springtogether, The
adjustment in the apen adjusting types i3 made
by means of three screws in the holder, ane for
expanding and two for compressing the diea,
Round split adjustable dles are available in a
variety of sizestocut American3tandard Coarse
and Fine threads, special form threads, and
the stanpdard slzes of threads that are used in
Britain and other European countries. For
kand threading, these dies are held In digstocks
Afiz, 1-1-94). Onetype die stockhas three pointed
acrews that will hold rounddies of apy constroc-
tton, althoush it 15 made specifically for open
adfusting-type dles.

Two piece collet dies {fig. 1-1-33) are used
with a ¢ollet eap {fig. 1-1-94) and collet guide.
The die halves are placed in the cap slot and
are held in place by the guide which screws
into the underside of the cap. The die i5 ad-
justad by means of setscrews at both ends of
the fmternal slot. This type of adjustable die
iz issued In varigus 5izes to cover the cutting
range of American Standard Coarse and Fine
and special formn threads. Diestoeks to hold
the dies caome in three diffecent sizes.
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Fizure 1-1-91.—Tyﬁes of common taps,

JLUABE FIPE

&

N

=

H T
1UMCHES |

AETHRESDYMG

Figure 1-1-92,--Types of solid dies.

Round split adjustable dies (fig. 1-1-93) are
called “*Buttan’' dies and can he used in gither
hand diastoeks or machine helders. The adfust-
ment in fha serew adiusting twpe (s made hy a

e iy g, SRR ARATLEE

T wa-piece rectangularpipe dies (fiz, 1-1-83}
are available to cul American Standard Fine
threads. Thev are held in ordinary or ratcher-
tvpe diestocks. iSze fig. 1-1-95.) The jaws of
the dies are adjusted by means of selserews.
An adjustable guide serves to kesp the pipe in
alinement with respect to the dies. The snjaath
jaws of the zuide areadjustedby meansof a cam
plate; a thumbscrew lacks the jaws firmlyinthe
desired position.

Threading sets are awvailable In mapy dif-
farent combinations of taps and dies, together
with diestocks, tap wrenches, guides andneces-
sary screwdrivers and wrenches to loosen and
tlzhten ad|vsting screws and bolts.  Figure
1-1-9§ illustrates typical threading set forpine,
bolts, and screws.
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Figure 1-1-83.—Types of adjustable dies.

AIMGLE SCREW DIESTOCK FHREE SCREw LrESTOHIA

Figure 1-1-94,—Diestocks, diecoliet, and tap wreaches.
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Figure 1-1-95.—adjustable die guide and ratchet diestocks.

FIPE THREARING SET WITH RECTAMGLLAR
ADJUSTABLE DGIES, DIESTOQCH,
WREMCH, GUIDES AHD TAFS

[T

Ry

BOLT AMD SCHREW THREADING SET WITH
ROUHD ADJUSTABLE SPLIT DIES,

tact each ather or other tools. Forlong pariods
of storage, coat taps and dies with a rust-
preventive compound, place in Ilndividual or
stapdard threading set baxea, and store inadry
place.

THREAD CHASERS

Thread chasers are threading toolsthathave
several testh 2nd are used to rethread damaged
extérnal or internal threads (chasing). {Seefg.
1-1-97.) Thess tonls are availahle to chase
standard threads. ‘The internal thread chaser
has its cutting tecth located cn a side face. The
external thread chaserhasits cuttinefeeth gn the
end of the shaft. Thehaodle end of the taol shaft
tapers to a point.

DIESTOCKS, TAFS, TAPF WRAEHCHES,
AHNO SCAPWDRIYERS

Figurs 1-1-58,—4 typical threading set.

Never attempttosharpentaps ordies, Sharp-
eninz of taps and dies involves several highly
precise rulling pracesses which involve the
thread characterisiics and chamfer. These
sharpening procedures must be done by experi-
enced personoel in order to maintain the accu-
racy and the curting effectivensss of taps and
dies.

Kzen 1aps and dies clean and well oiled when
not in use. Store them 5o that they do nct cn-
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Figure 1-1-97,—Thread chasers.

SCREW AND TAP EXTRACTOR

Serow extractors are used to remave broken
serews without damaging the sureounding mate-
rial ar the threaded hole. Tap exiractors are
used to remove braken taps.
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Fipure 1-1-98.—Screw and tap extractors.

Some screw extractors (fig, 1-1-98) are
straight, having flutes from end (o end. These
extractors are available in sizes to remaove
hroken screws having 174 io 1/2 inch outside
dlameters. Spiral tapered extractors are sized
to remove screws and bolts from 3716 ingh to
2 1/8 tnches outside diameter.

Maost sats of extractors ioclude twist drills
and & dril]l guide. Tap extractorsare gimilar to
the screw extractors and are sired to remove
taps ranging from 3/16 to 2 1/8 inches nutside
diameter.

YISES AND CLAMPS

Wises are used for holding work when it is
being planed, sawed, drilled, shaped, sharpaned,
or riveted, or when wood is heing glued. Clamps
are used for holdine work which because of its
shape ard size cannot be satisfactorily held ina
vize, or when a vise iz not available. Clamps

" are genzrally used for light work.

Figure 1-1-99 shows the most commonbench
viges,

A MACHINIST'S BENCH VISE i5 a large
steel vise with rough jaws that prevent the work
from sglipping. Bpst of these vizes have a
swivel base with jaws that can be rotated, while
others cannot be rotated, A similar light duty
model is equipped with a cutoff. These vises are
usually bolt-mounted onto a bench.

THE BENCH AWD FIPE VISE has integral
pipe jaws for holding pipe Irom 3/4 inch to 3
inches in diameter. The maximum working main
Jaw opening is usually § inches, witha jaw width
of 4 tg ¥ inehes, The bade can be swivelad to
any positon and lockad. These vises are
equipped with an anvil and are also bolted onto
a warkbench,

The CLAMP BASE VISE usuallyhasa small-
er holding capacity than the machinist's or the
bench and pipe vize and i= usually clamped to

the edpge of a bench with 3 thumhserew, These
type vises can be obtained witha maxdmum hald-
Ing caparcity varying between 1 1/2 In, and 3 fn.
These vises normally do not have pipe holding
jaws,

The BLACKSMITHS VISE (fig. 1-1-100} is
used for holding work that must be pounded
with a heavy hammer, It is fastenedto a sturdy
workbench or wall, and the long leg 15 secured
into a solid base oo the floor.

The PIPE VISE {fig, 1-1-100) is specifically
dezigned to hold round stock or pipe. The viss
shown has a capacity of 1 to 3 fnches, Cne jaw
iz hinged 50 that the work can be positioned apd
then the jaw brought down and locked. This vise
s alzo used on a bench., Some pipe vises are
designed i6 use a section of chain to hold down
the wark. Chain pipe vises range in size from
1/8- ta 2 1/2 inch pipe capacity up to 1/2- to
8-ineh pipe capacity. ) ’

A C-CLAMF {fig. 1-1-101) 1s shaped like the
letter C. It consists of a stee) frame threaded
to receive an operating serew with a swivel head.
It i5s made for light, medivm, and heavy service
in a variety of sizes. .

A HAND SCREW CLAMP {tig. 1-1-101) con-
glzts of two hard maple jaws connected with two
operaling secrews. Each faw has two metal In-
serts into which the screws are threaded. The
hand screw clamp 15 also issued from supply in
a variety of sizes.

CARE OF VISES AND CLAMPS

Keep wises clean at all tintes, They should
be eleaned and wiped with liczht oil after using.
MNever strike a vise with a heavy objectand never
hold large work in a small vise, since these
practices will cauze the Jaws to hecome sprung
ar otherwise damage the vise. Keep jaws in good
econdition and oil the serews and the slide fra-

—41-



N 5 mald JAWS
T
! 5';" AMYIL

MPE HOLOING

AENCH 2D PIPE

CUT-CFF

MACHIMIST'S |
AEMEH LGHT DUTY

TTE A
UMCEENW L.

- CLAMP BASE BEMCH

Floure 1-1-39.—~Cotmmon types of bench vises.

quently. Never oil the awivel base of swivel Ja™
joint; 1tz holding power will be impaired. Whe
ihe wise is not in use, bring the jaws lightly to
gether or leave a very small gap and leave th
handle in a vertical position.

Threads of C-clamps must be clean and fre
from rust. The swivel head must alaobe clean
smooth, andgrit free. Ifthe swivelhead become
damaged, replace it as fallows: pry open th-
crimped poriion of the head and remavethe hea
from the ball end of the screw {fig. 1-1-10Z
Replace with a new head and crimp. Far sher
storage, wipe down the clamps with a light coa
of engine oil and then hang them on racks o
pins, or cargfully place them ina tonlnox. Fal
lopg storage, apply a rust-preventive compour
to the C-clamp.

The screw of hand screw clamps may braal
or become damaged, the inserts may bescdme
worn, or the woodsn jaws may splif or warp.
When 1t ia mecessary to replace any of these
parts, disassemble the rclamp ftic. 1-1-104)

Remove handles from gersws by fillng off peesed—————————rv v -

and of attaching ping, Drive autpins. Tura both
serews from the inserts and remove the insarts
from the Jaws, Replacedamagad screws, inserts
and handles, Insiall inserts in jawsand turn the
sgrews into position in the two jaws. Turn new
serews into bandle or old screwintonewhandle,
depending on which part isbeing replaced. Aline
holes and tap 1n a pew pln. Peen end of pin ta
gecure handle op scerews, Keep serews lubri-
cated with 2 few drops of lishtoil, Apply 2 light
coat of linseed oil to wood surfaces to prevent
them from drying out. [ the fipish of wooden
jaws is worn and bare wood is exposed, coat
faws with varnish, Hang clamps on racks gr
pins, or earefully place them in a toolbox, Eo
prevent damage when oot in use, Wipe clean
befcre sTOMFDL.
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Figure 1-1-102.—Handscrew ¢lamp, explodad view,
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JAFETY PRECAUTIONS

When closing the jawof a vise or clamyp, avoid
gertine any portion of your hands or body be-
bween the jaws or between one jawand the work.

When holdine heawvy work in a vise, place a
hlock of wood under the work as a prop to pre-
vent it from sliding down and falling on Four
foaot,

Do not open the jaws of a vise beyond their
fapacity, as the movable jaw will drop off, caus-
ing personal injury and posaible damage ke the
jaw. :

SOLDERING IRONS

Soldering is joining two pisces of metal by
adhesion. The soldering iron s the source of
heat for melting solder and heating tatheproper
temperature the parts to be joined.

There are twn general types of soldering
irons in use, They are the elec-
trically heated and the nonelsctrically heated.
The essential parts of both types are the tip and
the handle. The tip is made of copper.,

The electric soldering iron (fig. 1-1-104)
transmits heat to the copper tip after the heat
is produced by electric currenmt which flows
through a self-contained coil of resisiance wire,
called the heating element, Elseiric soldering
irons are rated according to the number of watts
they consame when operated at the valtage
stamped on the irom. There are two types of
tips on electric irons: plug tips which slip into
the heater head and, which are held in place by
a setscrew, and serew tips which are threadad,
and which screw into or on the heater head.
Some tipg are offset and have 2 90-degreeangle
for soldering folnts that are difficult to reach
{not illustrated). A nonelectrie soldering iron
{fig. 1-1-104) iz sized according io its weight.
The commanly used sizes are the 1/4-,1/2-,
3/d-, 1., I 1/2-, 2-, and 2 1/2-pound irons.
The 3-, 4-, and 3-pound sizes are oot used in
ordinary work. Nonelegtric irons have perma-
neat tHps and must be heated over an ordinary
flame, ar with a blowtoreh. _

Electrie iron bips must be securely fastened
in the heater unit.: The tipa must be clean and
free of copper oxide. Sometimes the shaft
oxidizes and causes the tip te stick in place.
Remove tha tip oecasionally and scrape off the
scale. If the shalt is clean, the tip will not only
receive more heat from the heater element, but
it will facilitate removal when the time comasto
replace the bin. After use, hang solderingirons
on a rack ar place on a sheli. D not throw
lrons into a taolbox. When storing irons for loag
periods of time, coat the shaft and all matal
parts with rust-preventive compcound and store
o a dry place.

GRINDERS AND SHARPENING STONES

4 hand bench grinder (fig, 1-1-109) is an
agially mounted ahrasive wheel with a handerank
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that permits turning the wheel. The grinder i=s

geared so that the wheel spins faster than the
crank, This rype zripder is clamped onto a
bench and is equipped with a rest for alinement
of the work when grinding.

The hand walve zrinder (fig, 1-1-109}is uged
to lap encine wvalves to thelr seats. It cansaists
of pinion- gearing encloged in a heawy machined
gcast iron hovsing, An external crank handle
drives the gears, which rotate a shaft. The and
of the shaflt is designed to hold any one of threa
driving blades for use on slotted valves. Non-
slotted walves tan be driven by a rubber suction
cup that 1 supplied with the grinder, that fils
the shaft. Two shafis are furnished: one short
and one long.

Keep crinders cleanand make certain housing
serews are Hght, Pertfodicaily, drain oil from
bench grinder and regrease valve grinder. Flush
gear housinga and gears with suitable cleaning
solvent, Refll with manufacturer’s recom-
mended grade of lubricant. Bemove rust from
external surfaces with crocus cloth, After use,
wipe clean and store in 2 suitable hox or on a
rack. Make certain all nuts, screws, and bolls
are tight. For lang pericds of storage, lubricats
and spread a rust-preventive compound on all
metal parts. Wrap grinder in oil-soaked clath
and store in a dry place.

" Sharpening stones are divided Into two
groups, matural and artificlal. Some of the
patural stopges are oil treated during and after
the manufactiring proceszes. The stones that
are oil treated are sometimes called gilstones.
Artificial stones are normally made of silicone
carhide or aluminum oxide. Natural stoneshave
very flne graina and are excellent for putting
razorlike edges on fine entting toogls. Most
sharpening stones have one coarse and one fine
face. Some of these stones are mounted, and the
working face of some of the sharpening stones is
a combinataon of coarse and fine grains, Stones
are available in 2 variety of shapes, asshown in
figure 1-1-106, .

& fine cuttiog ofl is zenerally used with most
artiffcial sharpening stones, however, other
lubricants such as ¥arosene may be used, When

g toal has heen sharpened ona grinder or grind-

gtone, there 1s usually a wire edge or a feather
edge left by the coarse wheel. The sharpening
stones ar- uvsed to hone this wire or feather
edgs off the ._‘ting edee of the tool. Do not
aftempt fo da a honirg job with the wrang stone.
Use a coarse stone to sharpen large and very
dull or nicked tools. Use 2 medium grain stone
te shargen tools not requiring a firished edge,
such as tools for working soft wood, clath,
leather, and rubber. Use 2 flne stone and an
ailstone to sharpen and hene tools requiring a
razorlike adga.

Prevent clazing of sharpening stones by ap-
plying a lezht oil during the use of the stone,
Wipe the stone clean with wiping ¢Ieth or cotton
waste after each use. If stone boeames glazed
or gummead up, clean with aquesus armmenis or
drycleaning solvent. If necessary, scour with
aluminum oxtde abrasive cloth ar fline paper
attached ta a lai block.

¥
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Figure 1-1-104,— Soldering irons.
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Al Hmes, stones will become uneven from
lmproper uze, True the uneven surfices on an
ald grinding wheel or on a grindstone. Another
method of truing the surface {g to lap it with a
block of cast iron or other hard material cov-
ered with 2 waterproof abrasive paper, dipping
the stone in water at regular iotervals and con-
tinuing the lapping untl] the stone i3 true.

Stones must be earefully stored in boxes or
on special raclks when not in wse. Never lay
them down on wneven® surfaces or place them
where they may be knocked aff a table or benth,
or where heavy objects can fall onthem. Do not
gtore {n a bot place.

FPIPE AND TUBING CUTTERS AND FLARING
TOOLS

Plpe ¢ubters (fig. 1-1-107) are used to out
ripe made of steel, brass, copper, wrought irom,
and lead, Tube cutters (fig. 1-1-107) are used
to eut tublng made of {von, steel, brass, copper,
and aluminum. The essential difference betweaan
plpe and tubing 15 that tubing has ronsiderably
thinner walla. Flaring tools {fiz, 1-1-108) are
uged to make single or double flares inthe eods
of tubing.

Two slzes of hand pipe cutters zre generally
usad, The No. 1 pipe cutter haz a
eutting capacity of 1/8 to 2 inches, andthe No. 2
pipe cutter hzsa cutting capacity of 2to 4 inches.

SWOMN-ELECTHIC

COPPER TIP

FLUG TYFE TIF

SCREW TYPE Tip

The pipe cutfer (fiz, 1-1-107) has a special
alloy-steel cutting wheel and two pressure
rollers which are adjusied apd tightened by
terning the handle.

Mast THUEE CUTTERS rlesely resemble pipe
cutters, except thal they are of lichter conatrue-
tion, A band serew feed tubing cutter of 1/8-
ineh 0 1 1/4-inch capaclty {fig, 1-1-107) has
two rollers with cutouta loested off center zo
fhat cracked flares mavy be held in them and cut
ol without waste of tubing. It also has a re-
tractable cutter blade that is adjustedby turning
a knok. Other types of tube cutters shown are
designed to cut tubing up toand including 3/4 and
1 toch outside diamster. Some cutters have the
feed serew covered toprotectthe threads against
dirt and damage.

FLARING TOOLSE (fig. 1-1-108) are used (o
flare soft copper, brzss, or aluminum to make
45" flare jointas. The single flaringtool consists
of a sgplit die block that has hales for 3/18.,
1/4-, 5/18~, 3/B-, 7/16-, and 1/2- inch o.d.
tubing, a clamp to lock the tube inthe die hlnck,
and a yoke that slips over the die black and has
a compressor Screw and a cone thatformsa 45°
flare or a bell shape on the end of the tulre. The
serew nas a T-handle. A double flaring tcol has
the zdditlonal feature of adaptors that turnin the
edge of the tube before a regular 45°double flare
i5 made. It consistsofadieblock with holes for
3/16-, 1/4-, 5/16-, 3/8-, and 1/2-inch tubing,
a yoke with a screw and a flaring corne, plus
five adapters for different size tuhing, all car-
ried in 2 metal case.
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Figure 1-1-105,—Hand grinders.
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Figure 1-1-108.—Flaring tools.

MISCELTLANECOUS TOOLS

Taols deseribed under the heading “miscel-
laneous tools”™ are tools that cannat properly be
listed under such headings as “metal-cnutting
tools® or “woodworking tools.?

The miscellaneous tools are not likely to be

found in any particolar toglidt, but will be
stored in a ecentral toolroom to be checked out
when they are needed. You will find many of
these tools mentioned several times throughout
the text. This section will give Fouzome tips on
nomenclature, where the tools can be used, how
they are used, apd some safetyprecautionstobe
abserved when using the toals.

ADZ

The adz (fir. 1-1-108} consgists of 2 hardened
steel head which has a sguare eye atthe top and
a curved bladz at one end. The blade iz 3 1/2
to 4 1/2 inches wide. If has a wooden handle,
which i5 curved to give balance and fo provide
the proper angle for cutting,

The adz is used for cutting, shaping, and
smoothing of logs when a large amount of wood
I= to be removed.

Securely block the timber which 1s to be
worked on, to prevent it from slipping, sliding,
ar rolling. Keep the area being cut clear of
chips, because they may deflect the blade #nd
cause it to injure your foot or leg.

To use the adz, the timber to be worked an
should be straddled, CGrip the hardle of the ads
with the hands about 12 io 15 inches apart with
the tool in front of the body. Make short, chop-
ping strokes by swinging the adz downward and
toward the body.

The head of the adz must be removed from
the Nandle for sharpening. Remove the picks.
from the edge of the blade by moving the edge
back and forth across the wheel of a grindstone.

Then resiare the bevel edge toits original shape.
;Ceeg:r the edge square (at a right angle) with the
ead.

Inspect the handle of the adz frequently for
split or hreken wood, To insert the handls,
seat it into the eye of the head by striking the
cpposite end of the handle with a mallet,
. When not in uge, place the adz on its head
with the handle standing upward, or hapzthe adz
in a rack. After use, clean the 2dr hesad and
zoat 1t with light oil befare putting it away,

AX

The ax {5 used to fell or to prune trees, to
et logs and brush, and to split and sut wood,
It can zlso be used for cutting and shaplng Iozs
for colomns and cribs. Axes are used by fire-
man and damage control teams to galn entrance
inte compartments or buildings during a dia-
aster.

In using the ax (fig, 1~1-110}, the body weight
should be distriwted evenly on both legs, with
the ¥nees set but not tense, and the feet spredd
aparft at a comfortable distance, The hody
should be relaxed and free to awing and bend
from the hips. The ax mzy be vsed with either
hand leading, and both pogitions should be used
to prevent tiring provided, of course, you have
the ahility to swing right-handed orleft-handed.
With the richt hand leading, the leff foot should
be brought slightly toward the work, The hapdle
is held at the end by the left band and near the
genter by the right hand. The axis then brought
up over the shoulder, As it iz swung forward,
the right hand slides barck along the handle to-
ward the left hand =o that at the finish of the
swing the hands are close together., With the
left hand leading on the ax haodle, the ax is
swune In the same manner, except the pasitions
are revarsed.



Figure 1-1-109.—The adz.

Before swinging an ax, make sure no Ine ia
i1 the way of your swipg, Clear away any
pranches, twigs, or other cbetruction that might
tend to deflect the blade from the target. Kagp
the blade sharp. A dull blade may be deflected
and injure the fogt ar leg. Keep ths blade clear
of chips which may deflect the blade. If yon are
using an ax to cut used timhers make gure that
all nails have been removed from the area that
15 being cut,

It is not mecessary to remove the ax handle
for sharpaning the ax blade.. (See fig. 1-1-111.)
First remove nicks by meving the sdge of the
blade back and forth across a grindstone. Then
restore the bevel by halding first one side then
the other 4gainst the stone. The ax bevel ghould

ey
o

=N

f

R—H‘—-—\.

S

i
!

7

I

{A) TOP GF SWING

I

=i ——

DOWN SWING

pe glightly convex, or “rolled off.” The edge ia
glightly curved, ar fan-shaped, insiead of
straight across the head of the blade,

When grinding an ax, a wet grindstone
ghould be used, Dip the ax in water frequently
to keep it from gverheating, Start to grind 2or
3 inrhes back fram the cutting sdge and grind to
within about 1/2 inch from the edge. Using a
hone or whetstone, sharpen the remaining 1/2
inch and remove all scratches from the area
which hag been ground. 4 seratch lefton highly
tempered stzel can cause it io break where it 1g
seratehed.

After an ax is uged, it should be cleaned,
sharpened, and coated with a light fllm .of gil,
Stare it inaplace whereitwillnot fall and injure
anyone and so as nat o damage the sharp adge.

HATCHET

The half-hatchet, commonly called hatehet, is
a chopping and driving tool similar in some
respects to a hammer. It is used for light cut-
ting, trimming, and hewing, and (becauss it ia
heavier than a hammer) for driving large nalls
and spikes. (See Hg. 1-1-112.) It has a wooden
handle and-a steel head composed of ahammer-
head, and eye, and a blade. Some hatchets have
4 notch in the blade for pulling nails. Hatchets

4

{(C) 5wiNG GOMPLETED

Figure 1-1-110.—-fsing the Ax,

L _ConvEX
CONCAVE STRAIGHTROLL OFF
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PROPER 2EVEL FOR AXES

Figure 1-1-111.—~5harpening the Ax.
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Figure 1-1-112. —Half hatehet.

are made with two types of gutting edge (fie.
1-1-112); the single beval and the double bevel,
The double bevel is the more common, The
single hevel hatchet 15 Idesl for cutting toa line.

To make heavy strokes with the hatched,
grasp ihe handle with one hand near its end; for
Yicht strokes, hold the handle close to the head.
The hatchet is used principally to hew to a line
with the grain of the wood. To do so, set the
wood being hewn on edge and make a gerie= of
small, closely spaced cuts at an angle of about
45 degrees across the grain and near the line.
Cut away the notched segments by striking with

the grain alpnz the line. In malking the seoring
cuts, when the grain is irregular, changethe di-
rectinon of the blow to cut zeross the grain with
gvery stroke. .

The care, the maintenaoce, and the =afety
rules ta he followed when using a hatchetare the
same a8 previously described for the ax.

MASONRY DRILLS

Masonry drills (fig. -1-1-113] freguently
called star drills, are shafts af steel with a
cutter at one end and a flat face on the other.

Figure 1-1-114.—Brick trowel,



Lacking ab the drill from the end, the cutier
resemblas [pur chisels fastened together at
their edges, ' Olagonry drills are made io
various sizes up to 1 3/4 inches in diameter
and 18 to 43 inches in length.

The masonry 2rill 1s used for drilling heoles
in copereie or stooe. The cutter end is placed
where the haole is to be drilled and the head of
the drill ts struck with a heavy hammer or
sledge, The drill must be rotated after each
hlaw to elear the drilled material from Ehe hola
and to keep the drill from binding. In hard
gtone it iz uzeful to keep the hale wet, both t2
help clear the hole of drilled materfal and to
keep the drill cool.

The cutting adees are sharpened by grinding
an a grinding wheel ot by filing, taking care to
mazintain the original kevel an both sides of the
putting edges. The head of the drill may be-
pome burred or broken from the blows [romthe
hammer; it can be restored by grioding or
filing.

Always wear gogglas whenusing the masonry
drill. Bita of rockor concrete, and rock or con-
erete dust, will sometimes fly from the maierial
heing drilled and may injure your eyes if they are
not protected, Keeping the hols wet will lessen
the amount of dust raised. Becanse the drill and
the hammer or slkdze are both of steel, bits of
this material may be broken off fromthe head of
the drill and cavge-injury. _

Whenholding a masonry drill for another per-
son to strike with a sledge or hammer, always
stand at one side of hix swing, instead of di-
ractly 1o front of him. This will leasen the
danger of injury should the harmmmer or sledge
slip from his grasp ar the head of the hammer
or sledge come loose.

TROWELS

The BRICK trowel (fig. 1-1-114} is apointed
steel blade about 5 inches wide atb the heel and
10 inches Iong. Atthe wide end, a2 wooden handle
ts fastened to the blade by rmeansofa tang. The
tang iz bent upward sligntiv, s0 thatthe handle 1=
slightly above the blade in use.

The blade of the Erowel {5 used tos
spread mortar, and to chip and cut bricks. The
and of the handle isusedtotap bricks into place.

Scoop and carry the mortar on the wide part
of the blade. This keeps the weizht cloge to the
wrist apd avoids tiring the hand and wrist, Dump
the mortar from tke side of the trowel with a
quick, chopping motion. Spread it into pasition
with the potnt af the trowel, With the edpe of the
trowel aut off any surplus mortar coming out of
the joint.

If a heveled or V-shaped jaint between the
bricks is desired, draw the voint of the trowal
along the joint, thus forcing the mortar Into the
toint, The edge ofthe trowel maybe used to chip
hardened bits of mortar or other material from

the surface of the bricks, To out a brick with a

trowel, sirike {# sharply with the edge of the

igmwel it the point whers you wish the brick o
2 out,

In chipping brick, gsoggles should be woarn to
prevent chips or dust from getting intothe ayes.
If poggles are not avallable, hald the brickto be
cut well awayr from the facea. Do not hald the
brick with vour hapd close fo where the cut is
being made. You may chop your finger instead
of the brick.

The CEMENT trowel (fiz. 1-1-119) is a flat
rectanrular blade ahout 4 inches wide and 14
inches long. A woaden bandle is fastened to the
hack of the blade in its middle by means of a
metal tang and strap.

The cement trowel is used far finighing con-
crete surfaces. Whils the concrete iz si{ll wet,
it may be pushed into place and vpeven spots
leveled by moving the cement withthe edge of the
trowel.

To get a smaoth surface onthe conerets, wait
until the concreie has partly set, Then dip the
trowel in water and use it muech as you would use
a flat iron in ironing clothes to smooth out all

Figure 1-1-115.-Cement trowel.

coarse appearing parts of the surface, taldng
care that the edge of the trowel does not gouge
into the surface, The trowelmustbe kept wet by
dipping it into water. Additional water can be
brought to the surface af the conerete by slapping
the szurface with the flat of the trowel while
finishing.

Clean all moriar from the trowel, including
the handle, by washing it In water after use.
¥ mortar hardens on the blade the trowel be-
comes useless until it is chipped or ¢leaned aff.
Mortar left to harden on the handle will seratch
the hands when the trowel iz next used, Odl the
trowel lightly after it is vsed andbefore if iz put

wWav, | . . . L

After working with mortar or cement, wash
all cememnt dust from the skin and remave ditty
clothing, The Iime in the mortar or cement may
burn the skin.

PICES

The pick {fiz. 1-1-118) iz a taol that is de-
signed for diesing in hard earcth. Ib eonsists af
a steel head set on awooden handle, which {5 fn-
sarted through 2n eve in the middle of the head.
Cme end of the head tapers to a sharp peint; the
cther end is chisel shaped.

The pick is used for logsening hard olay or
rocky sarth so that it may be removed with a
shovel. A small amount of prying may ba done
with a pick: for heawy prving, a bar should be
nged.
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Figure 1-1-116.—Pick.

Do aot use a pick in extremely cold weather
without first warming the head. Bteel hecomes
brittle in extreme cold, and the head may be
broken f vsed for very heavy blows while it is
cold. Togharpenthe piek, the head should be re-
moved from the handle, The plek {s then shar-
pensd on A grinding machine in the sameway as
an ax. In the field, where 2 grinding machine is
not available, a coarse file may be used {0
sharpen the points of a plek

Ubserve the same zafety precautions when
uging a pick as you do when using anax

SHOVELS

The shovel 15 a steel blade get on a wooden
handle, and is used for moving earth or other
material. Theblades of spme shovels are slight-
1y pointed for easier cutling of earth and the back
of the blade is cut off square sothat the foot may
be vsed to force the tool intothe ground,

There are many types of shovels for varicus
used, The types generally found are
the D-handied round point and the long-handled
round point {fig. 1-1=117).

The D-handled round point shorel is degigned
for light work or for digging fneramped apaces.
It has a short handle (abmit 3 feet in length], at

LONG HANDLED SHOYEL

Figure 1-1-117.—Types of shovels commanly
usad,

thlf tgp of which 15 a D-shaped metal sftran, into
which is zef 2 short wooden )
hand grbp. crosepiece for a

The long-hatidled round point shovel iy the
best for mest ldnds of heavy work, such zs
digging trenches -or any other dgging in which
there 15 sufficlent room to swing it This shovel
has no hand grip. Instead the handle is a long
fabentt 5 feet), roumd pole,

Shovels should net be used for heavy prving:
this may break the handle or bend the Hlade.
After use, shovels should be cleaned and oiled
To sharpen the blade after it hzs been worn,
first hammer it into proper shape on a piece of
hard wood or an anvil. Then file the point.

To roplace the handle on & shovel, cut or
grind aff the heads of the rivets which hold the
Blade to the handle. Driveoutthe rivets and pull
the handle from the sacket, Insert a mew handle
and drill rivet holes through it Drive in and
peen the new rivets. If the handle has been
broken off close to the socket, it may be nedes-
sary to bore the handle out of the socket.

When using a showvel, he sure your workiog
space 1g free, so that you will not injure ancther
worker whan you swing the shovel. Tryto throw
the material where 1t will oot have to he movad
7 second time and where it willdono harm.

PINCHBAR

The pinchbar i3 a steel rod, usually mades of
3/4-inch bar stock, with one pointed endand one
chisel, or wedge-shaped end. The wedge end is
get at a sIight angle to the bar. (See figp.1-1-
118A.] The pinchbar is generally usedfor prying,
such as in cpening boxes and crates and in
loosening boards.

WHECKING BARS

Wrecking bars may be efther straight *claw
and pinchpoint® or "goosenecked.” In any case,
the wrecking har hag a claw at one end. The
other end i3 wedge ¢hisel shaped, and bent at a
slight angle to the Bar (fir. 1-1-118B},

= -

& FINCH BAR

—-_Q

(E) COOSENECK WRECKING
BaR

T} CROWDAR

Figure 1-1-118,—Bara.
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The wrecking bar is used for prying boards
laoze andfor remaoving large nalls or spikes from
boards. The wedge-shaped end {5 inserfed be-
tween boards toberemovead, andthe boards priaed
loase by exerting leverage on the ather end of the
bar. The claw is used inthe same manner 38 is
the claw on a claw hammer,

The gooseneck bar isusually of lghter weight
than the straight wrecking bar. Large spikes
shauld be drawn with the straight bar instead of
with the goosensck, as the lighter gnosensckbar
may be bent out of shape in trying to draw too
heavy a splke.

CROWEBAR

The crowbar 1s a heavy steslbar about § feet
in length. One endig saquare in cross section, and
has a wedge-shaped point. Therestofthe har is
round znd forms the handle (fig. 1-1-118C).

The crowbar is used as a lever for moving
heavy objects short distances. Ttisalse usad for
prying loose heavy boulders and for brealdpg up
hard earth formations In digzing. It isa stardy
tool, desigued for heavy and bard usage.

COMMON POWER TOQLS

Thiz section of Basic Handtools will acmimlat
" pou with the mere common types of power tools
and equipment. Tt will also discuss zafety pra-
pautions, renerzl operating practicea, and the
neceszary care and maintemanece of your
machines.

Safety cannat be oversmphasized when dis-
cussing puwer tools, There areseveral genaral
rules that will help guide you. Before using a
power tool or piece of pquipment, remave all
looge tools or other objects from it, and make
all necessary adjustments. Use only sharp-
edged cutting tools, sinee dull tools are safety
bhazards.

While operating a power tool, give it full
attention. Keep all safety goards in position,
and use safety shields ar goggles when neces-
sary. Fasten all logse sleeves, neckiies, and
aprons. Do not disturb or ino any way distract

woits never plue it fnto any oiher power source.
The switch en the tgol must b= In the “"OFF"
positicn before it iz plupged-in. Make sure the
cord and plug are fn good condition and that the
topl is properly Erounded before using it.

DRILLS

The portable electric drill is probably the
most frequently used portable power toal,

Tt ia especially designed far drilling holes
in wood gr metal with speed and ease. But to-
day the elecirie drill has practically developed
fito a3 matorized shop that you can hold fn one
hand. There are 30 many different types of
electric drills with a0 many diveraified acces-
soriea that you can add, that they ¢an be used
for many different jobs. Sanding, sawlng, butfing,
polishing, serew-driviesg, wire brushing, paint
mixing—these are samples of possible naes.

Portable electrie drills commaonly used
have capacities for driliing holes in steel
from 1/16 inch up to 1 ineh in diameter. The
sizea of porfable electric drills are classified
by the maximum zlze straight shank drill it will
hold. That is, a 1/4 inch electrie drill will hald
a straight shank drill up to and including 1/4 inch.
Figure 1.2-1 shows two popular types of
spade handle electric drills. The handles may
alsp be in the shape of a pistol grip. Jome of the
heawvy duty type drills bave a provision for an
additicnal projecting bar which can be morinted
for applying added feed pressure, Most impor-
tant when choosing a drill for a fob are the
ravolutions per minute {rpms) and power it will
deliver. You will find that the speed of the dreill
motor decreases with an inerease in slze, pri-
marily hecause the larger units are desimed to
turn larger cutting tocls or fo drill in heavy

another man while ha is gperating a power (00E

After using a power tool, turn off the power,
and clean the tool. Remaoveallwasteand scraps
from the deck arcund it.

PORTARLE ELECTRIC POWER TOOQLS

Portable slectrie power tools are tools that
ran be easily moved fram place to place witha
minimumn of effort. Theseare probably the most
used of all power tools, Some of the most cam-
mon portable electric power tools that you will
use are drills, hammers, sanders,
grinders and saws.

When using any electric power tool make sure
the source af power is of the coarreet voltage.
if an eleetric tool is designed ta operate on 1153~

Figmre 1-2-1, — Partahble electrie drills.

materials, and both these factors rele for slower
speed.

If you are going to do heavy work, such as
drilling in masonry or steel, then you would
probably need to use a drill with a capacity of
3/9 ineh ar 172 inch, If most of your drilling will
be forming holes in wood or small holesin sheet
metal, then a 1/4-inch drill will prababiy be
adegquate.

The chuck ig the clamping deviee Into which
the drill is inserted. XNearly all glsctric drills
are equinped with a three-jaw chuek. Some of
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the drill metors have a naml-type ehuckthat you
tighten or loosen by hand bt most of the drills
used have gear-type, three-jaw
chucks which are tightened and loosened by
means of a chuck kev, shown in figure 1-2-2,
Never leave the chuck kew in the chuck at any
time. Always remave the key IMMEDIATELY
after you use ik, Otherwise the kevwill fly loose
when the drill motor is started and may cause
serious injury to vou or one of your shipmates.
The echuck kev is generally taped oo the cord
of the drill; but if it i3 oot, make sure you put it
in a safe place where it will not gat lost,

SPIHOLE
i OF DAILL

REMOVABLE
GHUCK WEY

JEWS

Figure 1-2-2, =Three jaw chuck and chuck kev.

All alectrie drills have some
gort of a system for grounding, Make sure that
the ground comnection is properly made before
turning on the drill moter. Froper grounding
will prevent injury to you in the event that the
internal wiring becomes-shorted o the motor
housing, Flgure 1-2-3 shows one type of ground
cormection, however, a three prong plug and
recepiacle should be used when available,

i you must use a portable electric drill at
some dstance from the source of power make
sure you use an exbension cord of proper size
to prevent excessive wvollage drop. You can
checl with the electriclans in the elsetric shop
for this information.

GRCLMD CABLE

Q>

Figure 1-2-3.—Proper grounding of portahle
elactiric tool

All portable electric drills
have conirols gimilar #o the ones shown on the
1/4-inch drill in figure 1-2-2, . This drill has 2
douwbie pole momentary contact tricoer switch
located in the pistal grie handle. The= switch
trigger i5 squeezed to start the elactric drill and
released to stop it.

SANDERS

Puartable sanders are tools designed to hald
and cmerate abrasives for sanding wood, plastics
and metals, Power sanders have madethe finish-
ing of wood and metal surfaces easy and fast
Power sanders are widely used to
prepare surfaces for paint. The most comman
types are the DISK sander,
BELT sander and RECIFPRCCATING CEBITAL
gander.

The -zafety precautians to be ohserved while
operating eleetric sanders aremuchthe sameas
for the portable electric drill. That iz, make
sure the tool is properly sTounded and fn good
aperating condition prior to operation.

Safety gogeles must be worn when operating
any tool where dust and flying partclesarepro-
duced, When sanding some materials, for ex-
arople, reinforced plastics, respiratory pre-
camticms muat be observed,

Disk Sander

The disk sander (fig. 1-2-5) is much like a
portable drill with an abragive digk attached. It
haz 3 siraight type rear grip and a detachable
side handle. The straight type rear handle has
4 slide buttocn switch located om top. The disk
sanders come ln many different sizes buf the
most common ones will ac-
commodate a - or T-inch sanding pad,

Electric disk sanders are especially useful
on worTk where a large amount of materlal is to
be removed fast or where a milrror smooth finizh
is not Teguired.

The electrie disk sander iz also a handy toal
for preparing a surface for paint bul great care
must be taken when using thiz machine, The disk
should be moved smoothly and Hghtly over the
surfare. Never allow the disk fo stay in one
place too long becauge it will cut into the metal
or wood.

Belt Sander

The belt sander is commonly used for sur-
faring lumber such asfor interior trim, furniture
or cabinets. It was once a laborious job to do
this work by using a plane and by hand sanding.
Wood floors are almost always made ready for
final finishing by using a belt sander.

Portable belt sanders (fig. 1-2-6)arehuiltin
sizes from 1/4 to 1 1/4 horsepower and most of
them can be operated from any standard electrie
socket.  Always check the speciflcations of the
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Figure 1-2-3.—Portable electric sander

Figure 1-2-6. -Partable belf sandar,

sander that you are going to wse before plugeing
it in to make sure the power source and the spec-
ifiraticns on the sander correspond.

The portable belt sanders use endless sand-
ing helts that can be obtained in many different
grits, The belts are usually 2, 3 or ¢ inches
wide and can be easily changed when they be-
come worn Or when you want to use a different
grade [grit) of sinding paper. The welghtzs of
the sanders run from 8 1ba up. Therefore very
little preasure needs to De applied when youare
doing sanding operatigna. Some types of sanders
are provided with a Bag that takez up the dust
that ig produced,

Orbital Sander

The orbital sander is so named because of
the action of the sanding pad, The pad moves in
a tiny orbit, with a wotion that is hardly dia-
cernible, so that it actually sands in all diree-
tiona. Thia motion is so small and so fast that,

with fine paper mounted on the pad, it is nearly
impossible to see any scratehes on the finished

surface,

The pad, arcund which the abrasive sheet ia
wrapped, usually extends beyond the frame of the
machine an it isposalble toworkin tizht corners
and against vertical surfacea,

Some models of the orbital sanders havea
hag attached to gateh all dust that i3 made from
the sanding operation. The precawtions for op-
eration, maintenance and sreamding the orbital
gander are the same as for the disk sander.

Orbital sanders (pad sanders) do noft remove
as murh material as fast as the belft sander or
disk sander tut do a gaod job on smocthing a
suriace for finishing. I both a belt or diak
gander and an orbital msander are avaflahle you
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should vse the bell or disk sander for rough,
preliminary work and the ovbital sander for
fir*ehing.

Urbital sanders (fiz. 1-2-T) are made in
several different sizes. The sandpaper used on
the wauuwer may be cuf to size from 2 bull sheet
of paper or may be available in the correct size
for the sander you have. The paper is wrapped
arcund a pad on the sanderandisfastened to the
pad by means of levers on the front and rear of
the sander. The lgver achlion fasteners make
changing the paper easy and goick.

PORATABLE GRINDERS

Partable grinders are power tools that are
used for rough grinding and finishing of metallic
surfaces. They are made in several sizes, how-
ever, the one used most uses a
grinding wheel with & maximum diameter of 6
inchas, {(See fig, 1-.2-4,)

The abrasive wheels are eazily replaceablo
50 that differer® grain size and grades of ahras—
ives can be usedfor the varyingtypes of surfaces
to be ground and the different desrees of finish
desired,

The gprinder iz driven by a universal-current
motor. The grinding wheels are driven by the
grinding-wheel drive spindle which receives its
drive from the motor through a set of pears.
The wiversal-current mataor can be run off
either AC or DU current,

The rmameplate for the parfable grinder i=
attached to the top of the motor housing. It con-
tains the [ollowing data: manufacturer's name
and address, model number, no-Inad rpm, serial
number, AC cyeles per second, amperage, num-
ber of AT phases, voltage, type of current re-
quired, and a2 warning concerning the need for
grounding the arinder when in use,

There iz a flextble shaft atfachment that is
available for most portable grinders, This shait
is attaiched by removing the zrinding wheel then
attaching the shaft to the prinding wheel drive
spindle. The grinding wheel canthen beattached
to the end of the flexdlle shaft, This attachment
iz invalyable for prinding surfaces in hard to
reach places.

It iz particularly impertapt that the groumd
condurtar be connected to ground when there 13
presence of water in the work ares. This will
prevent possible Injury to you ia the svent that
the internmal wiring of the grinder becomes
shorted to the field ecase.

The wheel guard on the grinder shomld be
positloned ac that abrasive dust aod metal
particles will be deflected away from your face.

Before you turn the grinder on, make sure
the abrasive grinding wheel iz properly secured
te the grinder spindle and not eracked or dam-
aged.

PORTARLZ CIRCULAR SAW

The portable eircular saw, often called Skdl-
saw, is one of the most used power machines by
people who bave peccasion to work with wood
They are becoming more and more popular he-
cawsge of the fime and labor they save, the pre-
cision with which they work, and their szse of
handling and maneuverability.

Bacause of the many types of portable cir-
cular saws in the syztem, and the
ehanges belng made in the design of these saws,
only general information will be given in this
gection.  Information concerning a particular
saw can be found by checking the manufacturer’s
manoal.

The slzes of porfable electric saws range
from tme-sixth horsepower with a 4-inch blade
fo one-and-one balf horsepower with a 14-inch
blade. They are so conmstructed that they may




Figure 1-2-8.—Portable grinder.

Figure 1-2-9,_Partable electric circutar saw.

be used a3 a carpenter’'s handsaw, both at the
job site or on a banch in the woodwarldng shap.

The portable electrie saw ffig. 1-2-9) 13
gtarted by pressing a trigger inserted In the
handle apd stopped by releasing it. The saw
will run only when the trigger is held.

Most saws may be adjusted for crosscutting
or for ripzing, The rip saw guide is shown at
{4, Mg 1.2-3). In thig Mustratiom it [s turned
up aut of the way sinee the saw 18 being used as
a grosacut gaw, A guideline for crosscutting may

be marked across the boardasat Bor the cross-

eut Tuide (F, fig. 1-2-8) may beused. When one

atrzight side of this gulde 15 held against the
edge of the board, the other straight sidewill be
at a right angle to this edge, The base plate of
tha saw can then slide along this guide and the
gaw will produce a square cut,

The daepth of the cwut is regulated by the ad-
justing thumbscrew shown at €. The adjustment
for apgle cutting is shown at D, This permits
the base to be filted in relation to the zaw, A
rapid adjustment may be made by the use of the
graduated scale marked in degrees on the quad-
rant (E}.

The bottom - plate of the saw 1a wide endugh
to provide the szw with a firm support on the
lumber being cut, The blade of the saw 13 pro-
tegted by a spring guard which opens when
lumber is being cut bt snaps back into place
when the cut is finished. Alany different saw
blades may be placed on the mackine for special
kinds of sawing, By changing blades alinostany
bufiding material from slate and corrugated

_metal sheets to fiberglass can be cut.

Most portable electric $3ws are equipped
with universal motors that will eperate on elther
AC or DC current and require 115 wolts. As
with other portible electric tacla, they must be
grounded before they are turned on

The portable eleciric saw {3 one of the most
dangperous power togls in existence when it is
not properly used. Make sure the board you
are sawing is properly secured s¢ it will not
slip or turn. After making a cut be sure the
zaw blade has come to a standstill before laying
the saw Jdown.

When using an elestric saw remember fhat
all the BWade you ecan normally see s coverad;
the portion of the blade that projects under the
board hetns cut {5 not covered. The exposed
teeith under the work are danrerous and cano
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Figure 1-2-10. —Portable electric saber saw.

cause sgrious fnjury If any part of vour body
should come into confact with them.

Mazke sure the blade of a portable rireular
saw is kept sharp at all times, The saw blade
will function most efficiently when the rate of
feed matches the blade’s capacity to eut. You
will not have to figure this out—you will be akle
ta feel {t. With a little practice vou will Inow
when the cut iz smogth and you will mow when
vou are foreing it. Let the blade do its own
cutting. The tool will last longer and you will
work easier because It 15 less fatizuing.

SABER SAW

The saber zaw fie. 1-2-101) is a2 power
driven jigsaw that will let you cwt smogth and
decorative eurves in wood and Hght metal. Most
saber saws are light duty machines and are not
designed for extremely fast catfing, Abont the
same safety precautions must be observed when
using the saber saw as for any cther portable
power tool.

There are several different blades designed
to operate in the saher saw and ther are easily
interchangeable. For fast cutiing of wond, a
blade with coarse testh mav be used. A blade
with fine testh iz designed for cufting metal,

The best way to learn how tp handle this type
of teol 1s touse it Beforetrying to do a finished
job with the saber saw, clamp down a piece of
serap plywoad and draw some lines to follow,
curved ones as well as straight ones. You will
develop your own way of sripping the tool, and
thiz will be affected somewhat by the particular
tool you are using. O some tools, for example,
vou will find guiding easier if vou apply some
dowaward pressure on the tool as you move it
forward. If you are not firm with sour grip,
the tool will fend to vibrate excessively andthis
will roughen the cut. Do not force the entting
faster than the desipn of the hlade allows or you
will break theblade, Kthis happens do oot Mame
the tool. -

—

ELECTRIC IMPACT WRENCH

The electrie impact wrench (fig. 1-2-11} 15
a portable hand-type reversible wrench. The
cne shown has a 1/2-inch square impact driving
anvil over which 1/2-ineh square drive sockets
can he fitted. Wrenches also can be obtained
that have impaet driving anvils ranging from 3/8
tneh to 1 inch, The driving apvilsare not infer-
changeable, however, from one wrench to
another, The reversing ring, located op the
rear of the matar housing, is held in place by a
brush holder cover.

A pistol-prip handle, which contains the on-
and-off {rigger switch, is an integral part of
the motor housing. The wrench is equipped
with a three-cable Hexible cord having a male
contact plug connector and one cround eable,

The electric wrench with its accompanying
equipment (fig, 1-2-12) is primarily intended
for applving and removing nuts, bolts, znd
gerews. I may also be used fo drill apd tap
metal, wood, plastics, ete., and drive and re-
move socket-head, Phillips-head, or slotted-
head woed, machine, or seli-tapping screws.

When you use an electric wrenchkthatyouare
not completely famdlar with, first check the
voltage specifications and make sure the source
af power {5 correct, After connecting the wrench
to a suitakle power source, depress the on-and-
off trigger switch and allow the electric wrench
to operate a few .seconds, noting carefuliy the
direction of rotation. Release the trizver
switeh to stop the wrench. Turn the reversing
ring located at the rear of the tool; it should
move easily in one direction (which is detar-
mined by the current direction of rotation).
Depress the on-and-off trigger again to mtart
the elecitic wrench. The diraetion of rotation
gheuld aow bz reversed., Continue to operate
for a few Seconds in each direction to be sure
that the wrench and its reversible features are
funetioning correctly. When you are sure the
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Figure 1-2-11.—Reversible electrie impact wrench,

wrench operates properly, place the suitable
equipment on the impact driving anvil and Zo
ahead with the job at hand

SOLDERING GUNS

The soldering gun (fig. 1-2-13) 15 an
induction-type saldering iron. This 15 not me-
chanical in the sense that it does not have any
moving parts, Dut i5 becoming widely used,

The soldering fun operates on any standard
elactrieal outlet and is rated in size by the
mumber of watts®it produces. The funs nsed

are rated between 1G4 and 230
watts, All good gquality scldering guma operzie
in a temperature range of 500 to 6007 F. The
important difference irn pun sizes is not the
temperature, but the capaeity of the gun to gen-
erate and maintain a satisiaciory soldering {emi-
peraturs while giving up heat to the joint
solder ed.

Soldering zuns contzin a stepdown trans-
former in their bodies. The transformer sec-
ondary output current flows through the tin,
causing it to heat. The tip heats only when the
trigger is depressed, and then very rapidly.
Theae guns afford easy access to cramped
quarters, because of their small tip. Most
soldering guas have a small light that is
fpcuged on the tip working area.

Ta pravent damage to the soldering gun,
never subject it to hezvy mechanical abuse.
For Instance, if the gun is dropped, or used as
a hammer or 2 pry, the heating element may he
brpken or shorted or the tip may become bent.
Alwava make certain that the cord does not

come in contaet with the tp where it can be
burned.

The tip of a scldering gun shouldbe removed
occasionally to permit clganing away the cxide
scale which forins between the tip and metal
housing, Remaoval of this oxide in¢reases the
heating efficiency of the zun. If lor any reason
the tip does become damaged, replaceable tips
are available,

PORTAPBLE FNETTMATIC POWER TOOLS

Fortable pneumatic power toals are tools
that look much the same as electrie power tools
but are powered by compressed air instead of
eleetricity, Because of the limited outlets for
compressed alr
the use of pmneumatic power todls is not a=z
wldespread as electric tools, Portable pneu-
matie tools are wied most around a shap where
compressed air outlets are more readily acces-
gikle.

FORTABLE DNEUMATIC DRILL

Portable pneumnatie drills are made in sev-
eral different sizes, however, those most com-~
monly tsed will accommadate 1,/2-
inch drills ior metal drilling and up to L-inch
drills for wood boring. (See fig, 1-2-14) The
pneumatic drills are Intended for drilling or
enlarging holes In metal, wood, plastics, eto,

Most pneurnatic drills consist of a cast
aluminum housing with a pistol-grip handle.
There is z built-in air reservoir, a cenfri-
fugally actuated governor, a Temovable alr
siralner, a roductlcn gear case, and a rotor
having a zplined shail mounted on ball bearings.
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Flgure 1-2-18, —Bench-type drill press.
hawe a capacity to drill holes in metal up
to 1 inch in diameter. Thedriving motors range
in stze from 1/3 hp to 3 hp.

The motor i3 mounted to a bracket at the
rear of the head assembly and deslgned to
permit V-belt changing for desired apindle
spesd withowt removiog the motor from its
mounting braclket. Four spindle speedsa are
phiained by Incating the V-belf oo any one of
the four steps of the spindle-driven and motor-
drive pulleys, :

The controls of drill pressesareall similar.
The terms ‘‘ripht™ and “left’’ are relative to
the gperator’s position standing in fronf of and
facing the drill press. Forward applies to
movement toward the operator. Rearward ap-
pliea ta movement away from the operatar.

The toggle switch [fig, 1-2-20) is located
tn the rieht side of the head assembly. The
switch Is single-pole single-throw, Start the
motor by placing the switch in the ‘"ON"
positicomn.

The spindle and quill feed handles (fig, 1-2-
20) radiate from the spindle and quill pinion
feed hub which is located on the lower right-
front side of the head assembly. Pulling for-
ward and down on sny one of the three spindle

Figure 1-2-19, —Upright-tvpe drill press.

and guill feed handles, which point upward at
the time, marves the zpindle and quill assembly
downward, Helease the feed handle and the
spindle and quill assembly will return to the
refracted or wpper pogition by spring action

The guill Iock handle (fig. 1-2-21) iz lo-
czted at the lower left-fromt side of the head
agsembly. Turn the quill lock handle clock-
wize to lock the quill at a desired operating
position. Belease the quill by turning the guill
lock handle counterclockwise.  Howewver, in
most cases, the quill lock handle will be in the
Teleased pogition.

The head lock handle (fig. 1-2-21) iz Io-
cated at the left-rear side of the headassembly.
Turn the bhead lock handlz clockwize to lock
the head assembly at a desired veriical height
on the bench column. Turn the head lock handle
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counterelockwisa to release the head assembly.
When operating the drill press, the head lack
handle must be tight at all fimes.

The head collar support lock handle (fig. 1-
2.20} iz located at the right side of the head
collar support and below the head assembly.
The handle locks the head ceollar support,
which secures the head vertically on the bench
column, and prevents the head from dropping
when the head lock handle {5 released. Turn
the head collar support lock hapdle clockwise
ta lock the support to the bench colwnn apd
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counterclockwise bo release the support: When -
poerating the drill press, the head collar sup-
port lock handle must be tight at all times.

The tilfing table lock handle {fiz, 1-2-20) {3
located at the Ieft-rear side of the tilting takle
bracket. Turn the tliing ftable Iock handle
amunterclockwisze tp releaze the HIMnz table
bracket so it can be moved up and down or
around the Dench column.  Lock the tilting tabie
assembly at desired heisht by turning the lock
handle clackwise, When ocperating the drill
press, the Hlting table lock handle must be
tizht. at all fimes.

The Eilfing tzble lockpin (S5, fig., 1-2-22)
ia located below the tilMng table assembly (T,
fiz. 1-2.22%, The lockpin secures the table
at a horizantal ar 45° left or richt from the
horizcmtal position.  To (it the table left or
rirht from its horizontal position, remove the
lockpin and turn the table o align the lockpin
figles. Imssert the lockpin thraugh the takle and
bracket holes after desived posiflom is obtained.

The depth sage rod adjusting and locknuis
(BB and CC ([fig, 1-2-22) are located on the
depth gage rod {2, 1-2-22). The purposs of the
adjusting and locknuiz is to regulate depth
drilling. Turp the adjusting and lagkmut rloclk-
wige to decreasz the dowmward travel of the
spindte. The locckut muest he secured against
the adjusting nut when operating the drill press.

Whan operating a drill press maks sure the
drill is properly secured in the chuck and that
tha work you are drilling is properly securedin
position. Do not remove the work from the
tilting fable or mounting device until the drill
press bhas sicpped.
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Ogperate the spindle apd quill and feed
handles with a slow, Steady pressure. If too
much pressure is apolied, the V-belf may slip
in the pulleys, the twist drill may break, or
the starting switch in the motor may open and
gtap the drill press. I {he mctor should stop
berause of overheating, the contacts of the start-
ing switch will remazin open long enough for the
metor to cogl, then automatically elose to ro-
surne normal gperation.  Always turn the togele
switch tp “OFF" posiiion while the motor is
conlipg,

Check occasionally to make sure all looking
handles are tHght, acd that the ¥-belt 18 not
slipping,

Eefore operating any drill press, visually
Inspect the drill press to determine If all parts
are In the proper place, szcure, and in good
operating condit{ion. Cheek 2l assemblies, such
as the motor, head, pullevs. 2ns bensh for loose
manntings. Cheek adjustmen: of V-belt and ad-

Spindle driven pulley

V-Bealt

Motor drive pulley

1/8 5q % 1 ag-end key

¥o 10-24 x 5/8 hdls set sorew
Motor bracket stud thumbserew
Motor

Maotar base and bracket assy
1/4-20WC 2 x 1 sq-neck rd-hd carriage
bolt and 1/4-20MC-2 5q nut
Erill chuck key

Drill chivek key bracket
Toggle switch plate

Head collar support

Bench column

Cord

Bench base

Tilting table lockpin

Tilting table aszy

Denth gase rod bracket

Hex mat

Drill chuck

Chuck knockout collar

Spindle and quill assy

Depth gage rod

Head assy

Depth sage rowd adjusting gut
Depth gage rod Tockout
Spladle driven pulley guard

oo
UnmEM%HﬂﬂuHmmﬂwEEhm NG MO

Figure 1-2-22,-Prill press nomenclature,

just a5 necessary in accordance with the manu-
facturer's manual, Make sure the electriceard
iz gecurely connected and that the insulation 1s
not damaged, chafed, or cracked.

While the drill press is operating, he alert
for any Scunds that may be signs o trouble,
such as =queaks or unusual naise. Report
any wnusual or ungatisfactory performance to
the petty oificer in charge of the shop.

After operating a drill preas, wipe off all
dirt, oil, and metal particles. Inspect the V-
helt to make sure no metal ¢chips are imbeddad
in tie driving surfapes,

DBENCH GRINDER

The electric berch grinder (fiz. 1-2-23) is
designed for hapd grinding operations, such as
sharpening chisels or screw drivers, grinding
drillz, removing ezcess metal from work, and
smocthing metal svrfaces, Tt is wsually fitted
with both a medlum grain and fine grain abras-
ive wheel; the medium wheel is satlsfactory for
rough grinding where a conaideraile quantitr of
metal has to be removed, or where a smooth
finish iz not important. For sharpening toals or
grinding fo close Umits of size, the fine wheel
should be used as it removes metzl slower,
gives the work a smooth finish and does not
generate enauch heat {o anneal the cutting edees.
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A GRINDIMG AFRASIWE "WHEEL
B LEFT HaMC WHEEL GWARD ASSY

C—EYE SHIELD

D=3/ 18- 2aMF-2 ¥ 778 HES-HD CAP SCREW
£ RIGHT HAMND WHEEL CTLAMP MNUT

F—TOGGELE SWITCH
G—MARE PLATE

He5/716-24MNF.2 X 1 HEX-HO CAF SCREW
b=LEFT HAMO TOOL REST

Fizure 1-2-2). —Electric powered Srinder.

When a deep cut 15 to be taken on work or 2
considevable guantity of metal remogved, it is
often practical to grind with the medium wheegl
first and finish up with the fine wheel. Most
beneh grinders are so made that wire brushes,
polishing wheels, or tntfing wheels can be sub-
erituted for the removahble grinding wheels.

To pratect the gperator during the srinding
gperation, an eye shleld and wheel guard are
provided for each grinding wheel A tool rest
is provided in front of each whesl to rest and
guide the work during the grinding procedure.
The rTests are removable, i necessary, for
grinding odd-ghaped gr large work,

YWhen starting a grinder, furn it on and stand”

to one side umtl the machine comes up to full
speed. There 1is always z possibility that a
wheel may fly te pieces when caming up to full
speed, Never force work against a cold wheel:
apply work gradually to give the wheel an op-
portunity to warm. You thersby minimize the
poasibility of breakage.

Handle grinding wheels carefully. Before
raplacing a wheel always check It for cracks.
Male sure that a fiber or rubber gasket igin
place hetween each side of the wheel andita re-
taining washer. Tighten the spindle nut fust
gnoush to hald the wheel firmly; if the nut is
tizhtensd tog mueh the clamping strain may
damage the whesl When selecting a replace-

ment wheel, ascertain that the grinder will not
exceed the mamfacturer’s recommended speed
For the wheel.

When grinding, always keep the work moving
arrosa the fare of the wheel; grinding against
the same spot an the wheel will cause grooves
to he worn into the face of the wheel, Keep
all whesl guards tight and in place, Always
keep the taal Test adjusted s0 that it just cleara
the wheel and is at or just below the center line
ni the wheel, to prevent accidentnl jamming
of work between tool rest and wheel.

Wear goggies, even if eye shields are
attached to the grinder. Keep your thumbs
and fingers.aut of the wheel.

CUT-OFF 5AW

The cut-off saw is a circular saw that is
mounted on 2 radial arm. This arrangement is
sometimes calied a RADIAL ARM 5aw,. This
machine is comparatively sasy fo move and iz
generally found on any woodworking job where
there is quite a bit of sawing to do, The gut-off
saw was primarily designed to cut boards aff
square but because of its vergatllity I can be
used for ripping, cuiting on an angle, dadsing,
and many ather wood cubting operations,
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Figure 1-2-24 _Cut-off saw {radial arm saw}.

There are different types of cub-off saws
available. The DeWalt (fig. 1-2-24) is com-
monly usaed and is representative
of what a owmt-off saw is cenerally plefured to
be. Itz motor i= incaszed in 2 yoke which is
carriaged to travel to and fro in an overhead
arm, The arm tucns on a rigid column and can
be adjusted up or dewn. Since the motar, toa,
can be turned and tilted, the whole relatiomship
of compoments affords a flexdbility of move-
tment that will take care of nearly all wood-
worldng operations.

Some of the latest models of cut-off saws
have a built-in variable speed changer so you
can select a suitable speed for the job being
done, Some af them have an automatic brake
s0 the saw blade stops in a few seronds when
the switeh is turned off.

Before vou operate a radfal arm saw, clean
all dust and dirt from the blade, arbar face,
and ¢ollar, The normal nasition of the blads
ig for the straipht cut-off, where the hlade is
pulled from the rear to the front across the
wood,  The wood is placed on the table top
with one side resting againgt the quide strip.

ELEYATING
CRANK

SWIVELING
LOCX

TABLE

1 GINOE FEMCE

/ SWITCH

it d

: :.-.'q_{p{_ it
For cther operations where the cul is greatsr
than thaf permitied In crosscutiing, the wood
fs placed flat on the table against the guide
and is moved by hand to the blade.

The arm may be pughed at any desiredangle
for angle cufting. ZFor ripping and ploughing,
the Mads may be pulled out to the end of the arm
and locked in pogition between the gulde steip
and the mcfor, In this operation, the wood is
mushed along the guilde strip from the side
opposite the grard into the blads. For beveling,
shaping, and routing, the metor may be tilted
and locked at any angle.

The most important operatine precautions
for the cut-off saw are;

1. The electrical current heing used should
agree exactly with the specifications om the
motor.

2. AN elamp handles should be properly
tighteped before vou operate the machineg,

3. Befoare starfing te cut, be sure that the
wood rests against the pudde sirip in the cut-off
position.
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3. Before changing any setup, stop the saw,

§, For all operations, adjust the blade guard
dewn ta the material,

Periodical clesning, greasing, and ciling of
all movins parts are necessary. This should
be done in acecrdance with the manufacturer’s
manual and is generally controlled by the petly
afficer in charge of the shop in which the saw 1=
installed. Each meorning before starting opera-
tigns with the cut-off saw, you should clean the
tracks inside the arm by wiping, Cecasionally,
#lean these tracks with an approved cleaning
fluid t¢ remove grease and dirt.

FASTENING DEVICES

Fastening devices arena tools; howeyer, you
wfll be using tools to install and remove them on
207 job that requires assembly or disazsembly
aof equipment or structures.

Fastening dewvices, such as bolts, nuts,
serews, and nails should be known by their
names, sizes, and shapes. Theyares usually kept
in storerooms or tool cribs and arelssued when
neaded. When getting a fastener, you should know
what you want s0 you can gef the correct ifem
in & minimum of time.

WOODWOREING FARTENERS

Bafore the development of nail-malking,
gcrew-making, and bolt-making machines,
wooden members were held together by various
types of interlocking joints that were relaforced
with glue and wooder dowels, A dowel is 3 ap-
Iindrical hardwood pin which is driven info a
hole bored to receive it, and which serves much
the same purpose 23 a nall. Glued jeints and
jointa fastened with wooden dowels arenow com-
Aned mainly bo furniture. Metal dowela are still
uzed Eo fastep joimts in window sashes, door
members, and the [ika.

MATLS

Figure 1-3-1 shows the more commen types
of wire nalls. The BRAD and the FINISH NAIL
both have a DEEP COUNTERSINK head that is
desizned to be “set” below the surface of the
work., The CASING nail has a FLAT COUNTER-
SINK head, which may be driven flush and left
that way or which may also he “set.” The ather
nzails shown are all FLAT-HEADED nails. The
COMMON nall is the one mast widely used in
seneral wood coensiruction. Nails with LARGE
FLAT heads are used for nalling roofing paper,
plaster board, and similar thin or soft matari-
als. DUPLEZX or DOUBLE-HEADED NAILS are
uzed f[or pailing temporary structures, sueh as
scaffolds, which are sventually tobe diamantled.
A duplex najl has ag upper and lower head. The

nail iz driven to the lowear head; it can be esasily
drawn by setting the e¢law ofa hammer undet the
upper head,

Besides nails with the usual type of shank
{round} thers are various more or less special-
purpose nails with ahanks aof other types. Malls
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Figure 1-3-1,—(A' Brad, (B) Finish nafl, {C}
Casing nail, ([} Box nail, (E) Commeon nail, (F}
Spike {larger than £34], (&) Duplex head nail.

with SQUARE, TRIANGULAR, LONGITUDI-
NALLY GHQOVED, and SPIRALLY GROOVED
shanks have z much greatar holding power than
wire pails of the dame size. CTONCRETE and
MASONEY nz2ils, designed to be drivenintocon-
crete or masonry, are hardened-steel nails
which sometimesa have longitudinally grooved
shanks, A spirally grooved nall is called a
SCREMW nail.

The lengths of the mest commonly used nails
are desisnated by the PENNY system. This sy=-
tem originated In England, where the abbrevia-
tlon for the word “peony” ia the letier d (from
DEMNARIUS, the Latln pame of a Roman coinl.
Thus, the expression “a 2d nail” means “a two-
penny nail.” The thickmess of a nall Inereases
with the penny size and the number of nails per
pound deecraases. A Dox or casing nail of the
same commmaon nail penny size is thinner, and it
takes more of them to waigh the same amount,
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The penny sizes and corresponding length,
thicknesses {in gage sizres) and numbers per
pound of the most commonly ussd nafls are
shown o figore 1-53-2.

¥Nails Iarger than B0d [which are called
gpikes), and nails smaller then 3dars designated
by their lengths in inches or in iractions af zn
inch.

WOOD SCREWS

Wood screaws are designated as to ivpes by
the iype of head {fig. 1-3-3) and material, as
4flathead brass,” “roundhead steel or Hlue™ znd
5o on, Most wood screws are made of either
steel ar brass, but there ate copper and bronze
weond serews as well, To distinguisn the ordi-
nary tvpe of head from the Phillips kead, the
former is ealled a SLOTTED head. A LAG
serew 15 2 heavy iron screw with asquare bolt-
type head; lag screws are used matnly for fas-
tening heavy timbers.

The size of an ordinary wood screw is des-
ispated by the lengih dod the BCDY DIAMETER
{unthrezded part} of the screw. Body diametars
are designated by GAGE NUMBERS running from
0 (for about a 1/16-in. diameter] to 24 {for about
a 3/8-in. diameter). Lengths range from 1/4in.
to 5 in, The length and gage numberare printed
on the bo, as =1 1/4-9. This means a No. 9
gape screw 1 1/d-inches lomg. Mote that for a
nail, a large gage number means 1 small nail;
but for 3 screw, a large gace number rmeans &
large serew.

BOLTS

A BOLT is distinguished from a wood serew
by the fact that it does not thread into the wood,
but goes through and is held by a NUT threaded
onto the end of the holt. Figure 1-3-4 shows the
four common types of bolts vsed in woodwork-
ing. STOVE Dbolts are rether small, rangiog in
length from 3/8 in. todin., andin body dlameter
from 178 L to 378 in. CARRBIAGE AND Ma-
CHINE bolts ruit from 3/4 fn. to 20in. long, and
trom 371F in. to 374 in. in diameter. The sar-
riage bolf has & square section helow the head,
which is imbedded in the woodtoprevent turning
as the nut is drawn wp. The machine bolt has a
square head which is held with a wrenehto pre-
vent it from turning.

METAL FASTENING DEVICES

Many mechanismts and deviges are held to-
gether with metalfastenors. Onlvihe more com-
monkr used fasteners will be discussed here 2o
vou will know when, where and how they should
be used. I a flat point setserewwas vzed where
specifirations called for a come point an im-
portant installation might fafl af a3 crucial
MOINENT,

Metal parts .czn be fastened tosether with
various fastening devices, stch as rivets, bolts,
serews, ete, Bivets and rivelies are oxplained
in another section. Bolis and screws are made
in manyv shapes z2nd sizes, Only the more com-
mon onge will be diseuzzed in this course.
ROUGH and SEMIFDNTSEED bols and screws
are pressed, hammered, or punched out of cold
or hot metal. FINISHED bolfs and screws are
cut out of 4 bar of stes] by machine,

Bolts and screws are used o fasten to-
cether parts that may have to be faken apart
later, A holt is used Where you can get ai both
sides of the work with wrenches., A scTew is
used where only oae side can be redched with a
wrench or screwdriver,

STANDARDIZED

At ome time each mamufacturer made as rmany
thre=ads per inch on bolts, serews, and outs as
suiled his own particular needs. For example,
one made 12 threads per inch an 1727 boltsg
whil2 another might yut on 13 or 15 threads per
ingh, Thus the bolts of one manufacturer would
not fit the nuws made by another. The Na-
TIOKAL SCHEW THREAD COMMISSION was
gstablished to sindy this problem and sugrest a
aalurian. This committés desided to standardize
on & Fwo-thread series, one called the NA-
TIONAL CJARSE THREAD SERIES [WNC) and
the other the WATIONAL FINE THREADSERIES
{NF). The SOCIETY OF AUTOMOTIVE ENGI-
MNEERS decided to standardize on some EXTRA
FINE (EF) threads to be used lwalrplanes, auto-
mohiles, znd other places where extra fine
threads are needed. Figure 1-3-3 shows the
nunbher of threads per inch for WC, NTF, and EF
thread sizes up to 1 inch in diameter.

Ther= have been four clagses of fits es-
tablished by the Nattonal Serew Thread Com-
mission. They are: Class I, loose-fit; Class TI,
free fit; Class III, medium fit; and Clags IV,
close fit.

The loose fit is for threaded parts that can
be put tozether guickly and =asily even whenthe
threads are slightly bruized pr dirty, and when
a considersble amount of shake or looseness
is not objectionable. The freefitizfor threaded
parts that are toc be put together nearly or
entirely with the fingers and a little shake ar
loozeness is nol ohjectionsble. This includes
mest of the serew thread work., The medium Iit
is for the higher grade of threaded parts. It is
the same as freec fit, except that the fit is some-
what cluser. The clese fit is for the finest
threaded work where very little shake or logse-
ness 1s desirable and where a sorewdriver aor
wrench may be necessary fo put the parts to-
gether., The manufacture of threaded parts be-
longing o this class requires the wse of fine
tomls and gages. This fit showld, therefore, be
wsed only where regquirements are exachne or
where speclal canditions require screws having
a fine, snug fif.
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COMMON WIRE NATLS

: Approx. p o ApPpProX.

Size | Length Gags o to Lb- Size | Lengh | Game Mo. to Lb.
m | 1 in. Nao. 15 | A6 op ] 3 Tn. | No. 8 69
iD i 1-1/4 i 14 [ 368 ip 1 d3-1/4 ] CE]
iD | 1-1/2 12-1,7 116 LD 3-1/2 d 49
D | 1-3/4 | 12-1/2 271 20D 4 ] 31
ED | 2 I 11-1/2 | 181 30D 3-1/2 ; 3 24
™ | 2-1/% 11-1/2 161 100 5 § 18

8D |_2-1/2 10-1/4 106 50D | 5-1/2 3 14
oD | 2-3/4 10-1/4 a8 &0D B 2 11

FLCGORING BRADS FINISHING NAILS

Siza Length Gage [ i}ﬁ p r:‘;x .L‘b. dize Length Gage frg?rﬁ;. x"Lb
ED | 2 In. Ma. 11 15% D 1 - Tn. | No. 16-1/2 1351
| io 1-1/4 15-1/2 804
| 2-1/4 11 139 AD | 1-1/3 15 584
o | 2-1/2 10 95 5D 1 1-3/4 15 500
i 6D 1 2 ! 13 203
9D ; 2-3/4 10 30 D | 2-1/8 K 238
we |3 8 Bg BD 2-1/2 12-1:}’2 189
5D 2-3/4 i2-1/2 172
12D | 3-1/4 8 54 | 10D | 3 11-1/2 131
16D | 3-1/2 7 43 12D [ 3-1/4 11-1/2 113
16D A-1/2 il g0
200 | 4 § 31 50D | 4 10 5]
CASING NAILS SMOUOTH & PARBED BOX NAILS

[ . - | Approx.

Size ) Length | Gage ﬁgprtf';‘ib Size | Lenga Gage Mo. ta Lb.
: ' 2D 1 In. | Na. 15-1/3 1010
2p b1 In. | No. 15-172 1010 o | 1-1/4 14.7/2 RE]

D | 1-1/4 14-1/2 625 4D 1-1/2 1% w3
4D | 1-1/2 [ 14 . 473 5D 1-3/4 14 406
ED_| 1-3/4 14 408 6o | 2 | 12-1/2 236
fD | 2 12-1/2 236 D | 2-1/4 i 12-1/2 710
| 2-1/4 12-1/2 210 e | 2-1/2 11-172 145
8D | 2-1/2 11-1/2 145 ap | 3-3/4 11-1/2 132
8p | 2-3/4 11-1/2 132 10D 3 1-1/2 BT
10D | 3 10-1,2 a4 12D 3-1/4 10-1/2 88
12D [ 2-1/4 10-1/2 a7 16D 3-1/2 10 71
16D | 3-1/2 10 71 20D 1 9 22
20D | 4 ] 52 20D 4-1/2 ] g9 i6
30D | 4-1/2 5 16 4D j & ! B a5

Figure 1-3-2.—Sizes of most commonly used pails.

o

PLAT HEAD RQUHD HEMD O%¥al HEAD FHILLIFI HEAD Lag

LEHGTH =

GAGE

%

LENGTH we

Figura 1-3-3,—Common types of wood scTews.

MACHINE SCREWS

© - Thé tertt “machine screw”™ 15 the general
term used to designate small screws used In
tapped holes for the assembly of metal parts.
Machine Screws may be uzed with nuts, but
usually they are screwed into holes that have
been tapped with matchiag threads.

Most machine serews are made of steel or
brass. They may be plated to help prevent cor-
rosion. Special wachine serews mads of alu-
minum or sizipless steel are obtainable; the
latter are very stromg and highly resistant to
the corrosive action of alt wafter.

A great variety of diametors, lengths, and
head shapes are manwfactured, The complete
description of machine screws must inclede the
LENGTH in inches, THREAD-DIAMETER,
HEAD SHATPE, MATERIAT from which made,
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ROUHD HEAD STOVE BOLT

SR _, 1}
= :

| MELSURE FAOK SOTTOH OF HEAD

FLAT HWEAD STOVE BOLT [
MEASURE OYERALL |

| CARRIAGE BOLT .
| MEASURE FROM BOTTOM OF HO, |

| SQUARE HEAD MACH|KE BOLT |
|

MEASURE FROW BOTTDE QF HD.

Figure 1-3-4. Common types of bolts.

Diameter Threads Per Inch
Decimal f .

Ho. Inch Equivalent N MNF EF
1] -—— 0500 -——— E0 -——
1 ——— -0730 G4 T2 -
2 ——— . ORBD 56 64 -
3| ewa- .0590 48 | 68 | ---
4 ——== . .1120 4 44 ——
5 ——— 1250 40 44 ——a
g — - 13840 KF 40 e
a ———— . 1640 32 36 -
10 a——— . 1300 24 32 40
12 — -2160 24 28 -_—
——— 174 . 2500 20 24 36
- 9/16 .313% 1B 24 a2
--- | /8 . 3750 16 | 2¢ 32
- T/16 LAITE 13 20 28
- 172 « 3000 13 20 22
_——— 8/16 .56325 12 1R 24
- 5/8 L8250 11 13 24
- 3/e L7500 10 16 20
-== | 772 . 8750 9 | 14 20
-——— 1 1, 0000 | 14 20

Flgure 1-3-5.-Becrew threads per inch.

and FINISH. Here iz a typical example—“1/2
inch, 8-32, round head, brass, chromium plated,
machine scraw.” The YB-32" ‘mezns that the
screw fage is No, @ and that it has 22 threads
per (neh,

blachine screws are driven with a screw-
driver ¢r wrench, depending cn the type af
screw bead,

Holes for FILTISTER-HEAD maching sorews
must be counterbored go that the heads will be
flush with ot below the surface,

Mogt of the time you will use the common
types of machine screws shown in flrure 1-3-6,
but you may have ogcasion to use some of the
special types shown in figure 1-3-7. Mote that
gome of these special machine screws require
speclal tools for driving and removine. These
tools are usually included in a kit that comes
with the machine or installation on which the
acrews are used.

Nuts are seldom used on machine scrows,
bt square or hez nuts may be. When 2 ot is
necded, make sure the threads of the bolt and
nut are the same gage and piteh

Semm (uwm Domem Soem

FLAT ROUND FILLISTER ovaL
HEAD HEAD HEAD HEAD
Figure 1-3-6, —Common typas of machine
OCTEWS,
PHILLIFY FLaT HEAD MT“ED’-D FEsTREAD f%ﬂ

SPEL GLUMTERFIFN EHMEN OsE Wrar aLny
SAME F[ Rindmb oval, AMD FILLCATER pfslls

@EGD

P""LI-IP'! htlZlEI PH1LIJP'S 'lu.:hz,;t pnu.mn sps:ur_ um‘nm.
WEL&GON HEAD Mnﬂﬂﬂﬂ T“'lﬂ HERD
WETHER MEAD WAENSH T

Figure 1-3-7. —Special rmachine screws.
CADSCREWS

Capscrews (fig, 1-3-8) areusually used with—
out nuts, to Aold parts of machines and engines
together. They are screwed inta tapped holes,
and are sometimes referred to as tap bolts,
Threads may be either NF or NC. Capserews
Periorm the same functions as machine screws,
but come In larger sizes for heavier work,
Sizes range up to 1inehindiametar and 6 inches
in length.
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HEXAGON HEAD

T3

FILLISTER HEAD

T S

BUTTON HEAD

§ LERA VI

FLAT HEAD

Figure 1-3-8. —Capscrews.

Capscrews may have square, hex, flat, button,
or fillister heads. Fillister heads are best for
ule on moving parts begause such heads are
smk into counterbored holes. Hex heads are
usually used where the metal parts donof move.

The strongest capscrews are made of alloy
steel, and can withstznd great stresses, strainz,
and shenring forces. Capscrews made of stdin-
less steel are often speecified om machinery that
iz exposed to salt water.

Some capscrews have small holes through
their heads. A wire, called a SAFETY WIRE, is
rum throngh the holes of several capscrews to
keep them from coming loosge.

5TULS
Studs might bhe called headless bolts. Both

ends are threaded, cne to sorew into a™apped
hole and the other to takeanut. (See fiz, 1-3-9.)

Fipure 1-3.49,—3fuds.

One important use of studs is to hold dovwm the
cylinder heads of boat and amtomobile engines.
An Important advantage of 2 stud over a bolt is
that the nut can &Il be removed, evenif the end
sergwed_tnto the castiog is _“frogen”. The end
of the stud that gerews inte the casting vsdally
hag NC threada.

SETSCREWS

Setscrews are wsed to secure small pulleys,
gears, and coms to zhafts, and to provide posi-
tive adjustment of machine parts, They are
classified by diameter, thread, head shape, and
point shape. The point shape is important be-
cause it determines the holding qualities of the
setsorew,

Setscrews hold beat if they have eifher a
CONE POINT or 2 DOG POINT, shown in flgure
1-3-i0, These points fit into matching recesses
in the shaft against which they bear.

THUMB SCREWS

=

CEEE) - SorrieS)

LOE FOINT COHE POINT

Figure 1-3-10.—8et scraws and thumb serews.

HEATILESS SETSCREWS—slotted, Allen ar
Eristo types—are used with moving parts be-
cause they do not stick up above the surface.
They are threaded all the wayfrom poinito nead.
COMMON SETSCHEWS, nsed on fixed paris,
have square heads. They have threads all the
way from the point to the shoulder of tha head.

THUME SCREWS are used for selserews,
adjusting screws, and clamping screws, Be-
cauge of their design they can be loogened or
tightened without the use of toola. -

NUTS

SQUARE and HEXAGONAL nuts are standard
byt they are supplemented by special nuta, (See
fir, 1-3-11.) Cme of theze ia the JAMNUT, used
ahove 3 standard hex wat tolock it in position. It

Fipure 1-3-11. =Common kinds of outs.

ig abort half as thick as the standard hex nut,
and hais a washer face.

CASTELLATED nuts are alotted so that a
COTTER KEY may be pushed through the slots
matching a hole In the bolt. This provides a
positive method of preventing the nut from work-
ing loose. For example, you will see these nuts
used with the bolts Ehat hold the bwahalves of an
engine coneecting rod together. Theyare usually
uzed with machine holts.

WHETG NUTS are used where frequent adjust-
ment iz required. CAP, or ACOHRN nuts, zre
uged where appearance 15 an important con-
sideration. They are usually made of chramium
vlated brass. THUMB NUTS are kmurled, sa
they can be turned by hand for easy assembly
and disassembly,
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ELASTIC E§TOP KUTS are used where if is
imperative that the nut does not come loose.
These mis have a fiber or composition washer
tuilt inte them which is compressed automa-
tically against the screw threads to provide
holding tension. They are used extensively con
radio, =ound equizmaent; fire control eguipment
and on aireraft,

WASHERS

Figure 1-3-12 shows the types of washers
most used, FLAT WASH-
ERS are used to hack upbolt headsand puts, and
to provide larger bearing surfaces. They alao
prevent damage to the surfaces of the metzl
parts through which a bolt passes.

SPLIT LOCK WASHERS are used under nuts
to prevent loosening by vibration. The ends of
thesze spring-hardened washers dig into boththe
nut and the work to prevent slippaze.

SHAKEPROOF LOCK WASHERS have testh
or lups that grip both the work and the nut.
Several patented designs, shapes, 2nd sizes are
obtainable,

FLAT WASHER  SPLIT LOCH SHAKE PROGF
WASHER WASHER
f3tar)

Fioure 1-3-1Z. ~Waghers.

KETE AND FING

COTTER KEYS (fig. 1-3-13] are used ta se-
cure castellated nuts on bolts and Tads. They
are zlso vsed as stops and halders on shafts and
s, SQUARE KEYS and WOODEUFF KEYS
are used to prevent hand wheels, gears, cams
and pulleys from turning on a shaft. Thesekeys
are strong enough to earry heavy loads if they
are fitted and seated proparly,

TAFER PINS are used to locate and position
matching parts. They are alsc used to secure
small pullevs and gears to shafts. They usually
have 7 faper of 1/4-inchper foot. Holes for taper
pins must be reamed with tapered reamers so
they will fit properly.

DOWEL PINS are used to position and align
the units or parts ofanassembly, Theyare used
in assemblies that must be frequently disas-
Sembled and assambled. One end of a dowel pin
is chamfered, and it {3 usually .001 ¢t 002 Inch
greater in diameter thapthe specified size. This
allews the hole for the pin to be Teamed &9 en-
sure a clase fit.

SRS

SOUARE KEY

X\

COTTER KEY
WOODRUFF KET

STEEL DOWEL Pl

STEEL TAPER PIN

Fipure 1-3-13, —Keys and pins.

MEASURING

The ability to measure with any desree of
accwracy depands vown the correct use of meag-
uring tools,

TAEING A MEASUREMENT WITH A
COMMON RULE

To take 3 measurement with 32 ecmmonrule,
hold the rule with #fs edge on the surface of the
object being measurad. This will eliminate
errors which might result due to the thickness
of the rule. Except in tapes, this thickness
cauges the pradiations to be a slight distance
away from the surface of the abject, Head the
measurement at the graduation which coincidas
with the distance to be measured, and state it
as belng 50 many Inches andfractions of an inch.
{3ee fig. 2-1-1.) Always reduce fractions to
their lowest terms, for sxample, 8/8 inch would
be called 3/4 inch.

Fipure 2-1~I.~M|3I;isuring with and readinga
common rule

MEASURING THE LENGTH OT A
BOLT OR SCREW

The length of bolts and screws is best meas-
ured by holding thom up against | rigid rule ar
tape. Hold both the bolt or screw to be meas-
ured and the rule up to vour eye level sn that
wour line of sight will net be inerror in reading
the measurement. As shown infigure 2-1-2 the
haolts or serews with countersink type headsare
measured from the top of the head tothe apposite
and, while those with other type headsaremeas-
ured from the bottom of the head,

=T



Figure 2-1-2. —Measuring the length of abalt
O SCETEW.

MEASURING THE OUTSIDE DIAMETER
OF & PIPE

To measuras the outside dlameter of a pipe,
It ig beat to vse dorme kind of rigid rule. A fold-
ing wooden rule or a steel rulels satisfactory
for this purpoge. 4s shown infigure2-1-3, line
up the end of the rule with ong side Of the pipe,
using your ttmmbp 2= a stop. Then with the ane
end held 1n place with your thumb, swing the rule
through an are and take the maximum reading
at the cther side of the pipe. For most practical
purposes, the measurement gbtained hy using
this method is satisfactory. It isnecessarythat
you Jnow how to take this tteasurement as the
outgide diameter of pipe is the only dimension
given on pipe specificationa.

il

o
Al

Figura 2-1-3,—Measuring the ouiside diameter
of a pipe.

MEASURING INSIDE DIAMETER OF
PIPE WITH A RULE

To measure the inside diaroeter of a pipe
with a rule, as shown in figure 2-1-4, hold the
rule 50 that one ¢orner of the rule Just rests on
the Inside of cne side of the pipe. Then, with
ong end thus heldin place, swing the rule throush
an are and read the diameter across the maxi-
muminstde distance. Thiz method is satisfacfory
for an approximate inside measurzment.

READ
MEASUREMENT
HERE

Flgure 2-1-4. —Measuring the inside diameter
- of a pipe.

MEASURING THE CIRCUMFERENCE
OF A PIPE

To measure the circumference of a pipe, a
flexible type rule that will conform to the cylin-
drical shape of the pipe must be uzed. A web
tape Tule ar a steel tape is adaptable for this
fab. When measuring pipe, make sure the tape
has been wrapped sguarely aroandthe axis of the
pipe (ie., measurement should betakenfna plane
perpendicular tothe axis) to ensure that the read-
lny will not be more than the actwal cireum-
ference of the pipe. Thisis extremelyimportant
when measuring large diameter pipe.

Hold the rule or tape 23 shown in fipure
2-1-8. Take the reading, using the 2-inchgrad-
uatlon, for example, as the reference point. Tn
thiz case the correct reading is foumd by sub-
tracting 2 inches from the actual reading, In
thig way the first 2 inches of the tape, serving
a5 a handle, wiIl enable you to hold the tape
Jecurely.

" READ 10%0"
AGTUAL GIRGUM,
“:i!a__z___e'!fau

Figure 2-1-5. —Measuring the circumference of
a plpe with a tape

MEASURING AN INSIDE DIMENSION
USING A FOLDING RULE

To take an Inside measurement, such as the
inside of 2 box, a folding rule Ehat incorporates
a - or T-inchsliding extension is one of the hest
measturing tools for this job. To take the inside
measurement, first unfold the folding rule tothe

-Td-
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approximate dimension. Ther exiend the end of
the rule zndread the lenerh that it extends,
adding the Iength of the extension to the Iength
on the main body of the rule. (See fig. 2-1-6.) In
this illustration the length of the main body of the
rule is 13 inches and the extensico is pulled cut
43 3716 inches. In this case the {otal inside di-
mension being measured is 16 1716 inches.

MEASURIFNG AN INSIDE DIMENIION
USING A TAFPE RULE

In figure 2-1-T notice in the circle that the
hook at the end of the particular rule shevm is

Tt T A PR S R LAy e

Figure 2-1-6.—Using a iolding rule [p meas-
ure an ipFide dimension.

Figure 2-1-7. —Measuring an ioside dimension
With a fape rule.

attached 5o that itisfreetomove sliehtly, When
an outgide dimengzion is taken by hooking the end
cf fhe rule over an edge, the hookwill locate the
end.-of the rule even with the surface from which
the measureinent isbeing tzkan,. Byheing free to
move, the hook will retract awayiromthe end of
the rle.when an inside dimension is taken. To
measure an ingide dimension using a tape rule,
gxtend the rule betwesn the surfaces as shown,
takes a_reading at the point con the scale where
the rule enters the case, and add 2 inches. The
2 inches are the width of the case. The total is
the Inside dmension being taken.

MEASURING AN OUTSIDE DIMENSION
TUSING A TAPE RULZ

To measure anoutside dimensionusing a tape
rule, hook the rule over the edgze of the staclk
Pl the tape out uwntil if projects far enouch
from the case to permit measuring the required
distance. The hook at the end of the rule is
desizued so that if will 1ocate the end of the rule
at the surface from which the measurement is
being taken, (See fig. 2-1-B.] When taking a
measurement of length, the tape is held parallel
to the lepgthwise edra. For measuring widths,
the feape showld be at right angles to the length-
wise edge. Read the dimension of the rule ex-
actly at the edge of the plece being measured.

It mar not alwavs be pogzible tohookthe end
of the tape over the esdge of stock being meas-
ured. In this case it may be necessary to batt
the end of the tape against another surface or to
held the rule at a siarting peint from which a
measurement iz to be taken.

Figure 2.1-8. —=Measuring an outside dimension
using 2 tape rule,

HOW TO USE A STEEL TAFPE
OHR WEE TAPE

Steel or web tapes are generally used for
ma¥ing Iong messurements. Secure the hook
end of the tape to the cutside edoe, or corner,
or end of the chjest to be measured. Hold the
tape reel in the hand and allow it to unwind
while walking in the directicn in which the
measurement 1z {o be taken. Stretch the tape
with stfficient tension to overcome sageing. At
the same time make sure the tape is parallel
to 2n edge or the surface being measured. Read
the graduation on the tape by noting which line
on the tape ecofncides with the measurement
being taken.

MEASURING THE THICKINESS QF
STOCK THROUGH a HOLE

Ta measure the thickness of stock through a
hole with a hook tule, insert the rule through
the hole, hold the hoak against one face of the
stack, and read the thiclmess at the other farce.
(See fig, 2-1-0.}



Figure 2-1-9. =Measuring the thiclmess of
stock through a hole,

USING CALIPERS

A caliper i3 wsually used in one of two ways.
Either the raliper is =gt to the dimension of
tha work and the dimension transferred to a
aeale or the caliper Is set oo a scale and the
work machined until it checks with the dimen-
zion set up on the ealiper. To adjust a caliper
to 4 scale dimension, one ler of the caliper
shomld be bheld firmly against one end of the
zcale and the other leg adjusted to the desired
dimension. To adijust a caljper to the worlk,
ppen the legs wider than the work and then
bring them down to the work. A sense of “feel”
must be acquired to use calipers properly.
This comes through practice and care in using
the tool to eliminate the possibility of srroe.
Always position the caliper properly on the axis
of the work

NOTE: WMever set a caliper on work that is
revolving in & machine,

The contact of one leg of a caliper on a re-
volving surface will tend to draw the other leg
over the work because of the fricticn between
the moving surfaces. Only a slight force s
necessary ta spring the legs of & callper s that
ofher measurementz made with it are never
accurate.

MEASURING THE DIAMETER OF ROUND
STOCK OR THE THICKNESS OF FLAT
STOCK USING AN QUTSIDE CALIPER

To measgre the diameter of round stock,
or the thickmess of flat stock, adjuest the outside
caliper so that you feel a slight drag as yon
pass it grer the stock. (See fig, 2-1-10.} Afler
the proper ‘feel’’ has been attained, measurs
the setting of the caliper with a rule. B8ight
over the leg of the ealiper after making sure
the caliper is set squarely with the face of the
rule.

MEASURING HARD TO REACH DIMENSIONS
WITH & CALIPER

To caliper an almest inaccessible outside
dimension sweh asz the thiclmess of the bottom
of a cup, use an ocutside transfer firm-joint
raliper as shown in figure 2-1-11. When the
proper 'fle=l” is obtained, tichten thelock joint.

~TB—
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Figure 2-1-10,—Using an outside caliper,

Mote that with the joint loeked the aux{liaryarm
will remain in place. Loosen the binding mt
znd open the caliper enguch to remowve it from
the cup. Clpse the caliper agaln and tighten
the binding nut to seat in the slot at the end of
the auxwiliary arm. The caliper is now at the
origingl setbng, reprezaenting the thickness of
the bottom of the cup. The caliper setting can
now he measured with a rile.

To measure a hard to reach inside dimen-
gion, Auch a5 the internsl srogve shown in fig-
wre 2-1-12%, 3 lock-joint inside ealiper should
be uged. The procedure followed for measuring
a hard to reach outalde dimension s used.

MEASURING THE DISTANCE BETWEEN
TWO SURFACES WITH AN INSIDE CALIFER

To measure the distance between bwo sur-
faces with an inside caliper, flrstset the caliper

BEINDING HUT

Fipure 2-1-11.—Meazuring the thickness of the
bottom of a cup

FIRM JQINY

EINDrNG NuT

A a

Figure 2-1-12, —Mea=suring a hard to reach in-
side dimension with an (nslde calicer.



to the approximate distance being measured,
Hold the caliper with one les in contact with one
of the surfaces being measured. {See fig, 2-1-
13.} Then as you increase the setting of the
caliper, move the other lag from Jeft to right.
Feel for the slight drag indicating the proper
setting of the caliper. Then measure the setting
with a rule.

MEASURING THE DIAMETER OF A HOLE
WITH AN INSIDE CALIFER

To measure the dlameter of a hole with an
inside caliper, hold the caliper with one leg in
contact with one side of the hole {fig. 2-1-14}
and, as you inerease the setting, move the
other leg from left to right and in apd ouf of
the .hole. When vou bave found the point of
largest diameter, measure the caliver setting
with a rule.

MEASUHRING THE LENGTH OF A CURYVE

To measure the length of a curve with
dividers, step oif the curve as you would step
off a siralght line. (Se= fig. 2-1-15,) First set
the dividers to any small, sven part of an inch,
In getfing a divider to a dimension on a scale,

Figire 2-1-13. =Measuring the distance between
two surfaces with an inside ealiper.

Figure 2-.1-14. —Aleasuring an inside diameter
with an inside caliper.

”

Figure 2-1-15.—Using a divider t0 measure the-
length of & curve.

the wsuzl procedure is to locate one point in
one of the inch graduationa of the rule and to
adjust the divider sg that the cother point falls
ezgily into the correct pradustion. Make per-
tain the points of the divider ate not blunt,
Extreme care is necessary In this setting be-
cause any error will be a cumulative error
which increases as the length of the curvabeing
mezsured increases. Then step off the ¢urve,
counfing the mumber of “zieps.” This number,
multiplied by the setting of the divider, will he
only the approximate length of the curve, be-
rause ¥ou are stepping off a strairht-line dis-
tance along a curved line, and a straight line is
the shortest distance between twopainta, There-
fore, the asctoal distance, or the length of the
curve, will be a little greater than your totaled
measurements, The accuracy of the totaled
measurements Will fncreasze as the settng on
the dirider decreases.

MEASURING INSIDE AND OUTSIDE DIAM-
ETERS WITH POCKET SLIDE CALIFERS

Ta measure the outside dlameter of round
stock, or the thickness of {lat stock, witha pock-
gt slide caliper, move the jaws aof the caliper
inta firm contaet with the surface of the stock
Read the measurement at the refereace line
stamped OUT. [See fig. 2-1-18,)

Figure 2-1-15.—Measuringan outside dlmension
with a pocket slide caliper.
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To measure the inside diameter of a hole,
or the distance between two surfaces, uwsing a
pocket slide caliper, insert only the rounded
tips of the rcaliper jaws into the hole or hebween
the two surfaces. [(3ee Fig. 2-1-1T.) Read the
measurement on the reference line stamped TH.

Flgure 2-1-17. —Measuring an inside dimension
with a 5lide ecaliper.

NMote that twa reference lines are needed If
the caliper 1s to measure both ouiside and in-
side dimensicms, and that they are separated
by an amount equal to the outside dimension of
the rounded tips when the caliper 1s cloged,

MEASURING THE DEPTH OF A SLOT WITH
A COMBINATION SQUARE

When using a combination gquare for meas-
uring the depth of a slot, rest the sguaring
head on the surfaece of the work (See fiz, 2-1-
18,) Loosen the blade friction Screw and ex-
tend the hilade to the bottom of the a3lot or
ghoulder, and retighten the screw to maintain
the aetting. Head the dewpth of the slof on the
gscale.

Fizure 2-1-10, —Measuring the depth of a slot
with a combination gsquare.

MEASURDEIG THE DEEFTH OF A SLOT WITH
: A DEPTH GAGE

To measure the depth of a hole or slot with
readomable accuracy, use 1 depth gage as shown
in figure 2-1-19 A Hpld the body of the depth
gare againgt the surface from which the depth
13 to be measured and extend the scale into the
hole or slot. Tisghten the getscrew to maintain
the setting, Withdraw the tocl from the work
and read the depth on the scale.

Tao measure the depth of 2 bole or slot with
Thore accurzoy than is pogsalble withan ordinary
depth gage, place a vernier depdh gage over the
slot as shown i figure 2-1-19 B, Notice the
clamping serews are at X and W; the horizontal
adjusting screw nut is at Z. With X and ¥ lagge,
slide the scale down iotothe 1ot helng measurad
until it ia almost in comtact. Then tighten X to
make 7 operative. With Z, adjust the scale to
the "‘proper feel’”” and segure the getting with
Y. By proper feel we mean the adjustment at
which you first notice contact between the end
of the seale and the bottorn of the slot, Then
read the sefting as described under “‘Reading
a vernier aeale’ In part I secHom 1 of this
course.

To set the vernier depth gage to a particular
getting, Iocsen both setscrews at X and at ¥
and slfde the scale through the gage to the ap-
proximate setting. Tighten the setscrew at X,
turn the knurled nut at Z untilthe desired setbing
is made, and tighten the setscrew at ¥ to hold
the =selting.

To measure the depth of a hole or slot, as
shown in fipure 2-1-18 C, with more accuracy
than is possible with elther an ordinary depth
gare Or 2 vernier depth gage, place a microm-
eter desth gage over the slot and adiust the
thimble unti! the contzet of the spindle causes

Figure 2-1-18. =Using depth gagea.

the ratehet stop to slip. Remove the microm-
gter from the work and read the micrometer.
Remember, if extension raods are used, the
total depth reading will be the swm of the length
of the rods plus the reading on the micrometer.
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Heavy duty industrial type 6 point 1/2-inch, sq-drive {detachable sockét wrenches

A 3/B-in. opng

B 7/16-in, opng

€ 1/2-in. opng

D 9/16-in. opng
Recessed serew (Phillps) screwdriver bitg

M Na. 2 polot 5/1€-1n. sg-shic

N No. 3 point 5/18-in. sq-shk

F No. 4 point 5/16-1n. sg-shk

E 5/8-in. opng
F 11/16-in. opng
G 3/4-in. opng
H 13/16-1in, opng

J 7/8-in. opng
¥ 15/16-in. opng
L 1-in. opng

Q §/16-in. blade 5/16-in.
5q-shk s5lotted head screw
serewdriver bit

Hollow-head set or cap screw screwdriver bits

R 3/18-in. hex 5/16-in. sq-shk
8 7/32-in. hex 5/1B-in. sq-ehk
T 1/4-in. hex 5/18-in. sq-shk
U 5/1%-in. hex 5/16-In. sg-shk
V 3/8-in. hex 5/1f-in. sq-shk
W 5/16-In. =q-opng 1/2-in. sq-drive hit
holder
X 10-in. long 1/2-in. sg-dvive hv-duty fn-
dustrial type extn sockst wrench bar
Y 1/2-in. sg-drive No. 2 Morse taper
sockat w/drilt
1 1/2-in. sq-drive No. 2 Marse
taper socket
2 Drill {for No. I Morse taper
socket)
Z 1/2-in. sg-drive hv-duty indusirial type
univ socket wrench joint

AA No. 10and 12 eap screw 5/18-1n set-
screw 5/32-in. hex reg Iong arm
series plug type hex [hollow-hd) sot
Or Cadp Screw wrench
BB 3-in. long 1/2-in. sy-drive hv-duty in-
dusirial type exin socket wrench bar
CC 3/16to 3/8-in. cap 1/2-in. sg-drive
collet type chuck {for rd shank tools)
w/wrenches
1 3/16 to 3/8~in. cap 1,/2-In. sq-drive
collet type chuck ([or rd shank tools)
2 No, 10 and 12 eap screw 5/16-in.
set serew 5/32-in. hex reg short
arm series pleg type hex (hollow-hd)
Set or cap screw wrench
DD Size of opng 1-2/16-in. carb-s single
open eod angle 15° engrs wrench.

Figure 1-2-12-—-Equipment used with the electriec impact wiench.

For proper oparation, pneumatic drills re-
quire alr pressure from Y0 fo 30 psi, Check
the specificatioma on the drill yunhave and make
swre you have the proper alr pressure.

The air motor requires clean alr and lubri-
eation, Care should be tzken to ensure clean
couplings and air hose. In extremely dusty,
humid, and cold regions, air COompressor alr
lilters and/or maoisture traps are required to
enfure that corpressed afr i dry and free
irom forelgn matter. Tom should make sure
that the air filters and moisture traps are
cleaned perigdically as suggested by the manu-
facturer’'s manual,

The only control required far opera-
tion of the preumatic drill is the trig-
gexr (fig. 1-2-15). To start the drill
the trigger ia depregsed. The drill is
stopped by releaszing the fingar preszure
on tha triggper.

Before operating a pneumatic drill
inspect the air hose amd check for any
leska and damage. Be sute that an
autherized lubricator is imatalled in
the leszd hose, Blow air through the
air hoge to free it of foreipgn mate-
rial before connecting it to the

—hO-



Figure 1-2-13. —-Electric soldering fun.

ﬁ__.-IDIL FESERVOQIR PLUG

3 JAW QRILL CHUCK
s [] HAME FLATE

A

Fizure 1-2-14, _Portable pneumatic drill.

FRIGCER

HARDLE TP

Figure 1-2.-15. —Conrrols of a preumatic drill.
—B-
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Figure 1-2-16. —Pneumatir chipping hamrer,

drill, Keep air hose glcan and free from lubri-
cants.

Make certzin the tool being used inthe chuck
1s properly sceured and check the operation of
the trigre - to make sure it is worldng properly.
Check -ne pneumatie drill for evidence of ex-
terior damage, Tighten all loose fittings, nuts

and bolte.  3la%e sure the drill meotor has been
properly lubricated In accordance with the
minmfacturer's specifications.

PNEUMATIC CHIPPING HAMMER

The pmenmatic chipping hammer (fig. 1-2-
18} conzists bazically of a steel piston which is
reciprocated (moved baclward and forward
alternately) in a steel barrel by compressed
alr. On itz forward stroke the piston strikes
the end of the chisel, which ts a sliding £it in
a hexagon nozzle pregsed into the barrel. The
rzarward stroke is cushioned by compressed
air {0 prevent any metal-to-metal contaet,
Reciprocation of the piston Is automatically
controlled iy a valve box azsembly located on
the rear end of the barrel. Located on the
rear end of the barrel is 2 grip handle, con-
taining a poppet-type throttle valve,

The throttle valve 15 actuated by a throttile
lever which protrudes from the upper rear of
the grip handls for thumb cperation. Projecting
fram fhe butf of the handle fs an air inlet. The
handle is threaded coto the barrel and is pre-
vented from unscrawing by a locking ring. Sur-
rounding and retaiming the locking ring is an
exhaust defiector. This deflector mar be lo-
cated in any of four positions around the barrel
in order to throw the stream of exhaust air in
the desired direction.

The pneumatic hammer may be used {or
Beveling, calking or beading operations, and for
drilling in brick, concrete, and other masonyy.
The chipping hamimer is especially useful for
preparing metal surfaces for painting.

Chipping hammers should not be operated
without safefy gogzles and all othér persons

AR MLET

in the immediate vicinity of the work should
wear Eoggles,

While working never point the chipping ham-
mer in such a direction that other persoonel
might be struck br an accidentally ejected tonl.
When chipping alloy steel ar doing other heavy
work, it is helpful to dip the tool in engine
lubricating ofl about every 8 inches of the cut
and meke gure the cufting edge of the tool is
sharp and elean. This il allow faster and
gagier cutting and will reduce the possibility
of the tool breaking,

When nearing the end of a ecut, ease off on
the throttle lever to reduce the intensity of the
blows, This will avoid any possibility of the
chip or tool ying.

If for any reason vou have tolay the chipping
hammer down, alweys remove the tool from the
nozrle. Shouldthe chipping hammer be aceideni-
ally started when the tool fs free, the blow of
the pistonm will drive the tool out of the nozzle
with great {orce and may damage eguipment
ar Injure personnel.

PORTABLE PRKETUMATIC
IMPACT WRENCH

The partable pneumatic impact wrench {fig.
1-2-17) is designed for insfalling or removing
nuts and bolts. The wrench comes in different
sizes and 1s claseified by the size of the square
apvil oun the drive end. The anvil is squipped
with a socket lock which provides positive lock-
ing of the socket wrenches or attachments. The
wrench bas a built-in ofl rege;vpir and an ad-
justable air valve regulator which adjusts the
tarque output of the wrench. Thetorque regula-
tor Teduces the possikility of shearing or datm-
aging threads when installing nuts and bolis to
thelr regquired tension.

Nearly all pneumatic wranches operate mast
efficiently on an air pressure range of 80 to 90
psi. A variation of plus or minus 5 pounds is
serious.  Lowar pressure causes a decrease
in the driving speeds while higher pressurs

~gl-
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Fizure 1-2-17.—Portable pneumatic impact wrench,

causes the wrench ta overspeed with subsequent
ahnormal wear of the motor impact mechanisms.

The throitle lever located at the rear of the
pneumatic wrench provides the means for start-
ing and stopping the wranch. Depressing the
throttle lever starts the wrench in operation.
Upon release, the lever raises to its original
position stopping the wrench.

The valve stem i3 agated beneath the pivoi
end of the throttle lever. Most wrenches have
a window cut in the throtile lever so that the
markings on the upper surface of thevalve stem
will be wisible. Twoletters,*F''and*‘R,” have
heen engraved on the head of the valve stem te
indicate the forward [clockwise) and reverse
{counterclockwise] rotation of the anvil. To
change from [orward toreverse rotation, or vice
versa, turn the valve stem 180° untilthe desired
marking is visible through The Wwindow in the
tharottle lever. When the valve stemis in proper
position, the valve stem pin engages 4 recess
oo the under =ide of the valve stem, preventing
accidental turning of the stem,

The 2ir valve regulator is located atthe bot-
tam and towards the rear of the wrench., Using
a serewdriver and altering the seiting of the air
resulator up to 90°, either ta the right or left,
recuces o turawe iram full newsr to zero power.

Before operating the pneumatic impact
wrench make sure the soecket or other attach-
tnent you are using Is properly secured bor the
anvil. It is always a good idea to operale the
wrench free of 1oad in both [orward andreverse
directions to see that it operates properly.
“heck the installation of the air hose to male
sure it {5 in accordance with the mamdaciurer's
recommendation.

COMMON POWER MACHINE TOOLS

Small power machine tools are, generally
speaking, not portable.  All worlt that is to be
done must be brought to the shop where the
machine is set up. Only the most common types
af power maching tools will be discussed inthis
text. There are many power machine tools
used by paople of speciffc ratings but maost of
them regquire a degree of skill that can be
learned only by working with them,

DRILL PRESS

The drill press is an electrically gperated
power machine that was originally designedasa
metal-working togl., As such s applicabions
wonld bhe limited in the average shop. Avallable
aceessories, plus jigs and special technigues,
now make it a versatile woeod-warking tool as
well,

There are bwo basic bypes of drill presses,

They are the banch-type drill
press (fig. 1-2-18) and the upright-type drill
press (fig., 1-2-191, These two types drill
oresses are basically the same, the differsace
befng in the mounting. As the names suggest,
the bench-type drill press is mounted o a
work bench and the uwpright-trpe drill press
iz mounted on a pedestal on the floor.

Drill presses are mansfactured in 2 numher
of sizes, however, only the small size drill
wrass will be discussed in this text. The drill
presses mogt comuotonly found in shops

.
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MEASURING THE TIAMETER OF A HOLE
WITH & SWALL HOLE GAGE

To measure the diameter of a2 hole from
1/9' to 172" in diameter, use a small-hole
gage. (See fiz, 2-1-20.) The four gagesina
gel cover this rangs of hole Ssizes 50 vou musi
chopse the proper gage for the size hole you
are measuring.  Insert the gage into the bole
and adfust it to the hole size by turning the
knurted tip of the handle. %When you can feel
the alight drag of the all end on the sides of
the hole, withdraw the gaes, The zizre of the
haole can then be defermined by measuring the
ball end of the gage with a micrometer calipar.
Cheeck part I, section 1 of this course if it ix
necegsary to refresh your memary on haw to
read a micrometer, :

Figpre 2-1-20, —~Measuring the diameter of a
hole with & small hale gage.

MEASURING THE DIAMETER OF A HOLE
WITH A TELESCOPING GAGE

To measvre the diameter of 2 hole from
1/2™ to §'' in diameter, select from a set of
telescoping gages the one whoze range ingludes
the s{ze vou need. Loosen the knurled mut at the
end of the handle, and telescope the adjustable
end of the gape to a =ize glightly smaller than
the hole apd retighten the nut. Insert the gage
into the hole ag shown in fipure 2-1-21, loosen
the nut to permit the spring-loaded adjustable
end to expand io the hole diameter, amd tizhten
the nut, The spring loaded contaet of the ad-
justable end will assure proper contact. Make
sure, however, that the zaze is held with the

AN
""‘L;-H.TELEEGOFED
POEITION
LOCKING
NUT

Figwre 2-1-21. —Tsing a felascoping zage.

telescoping end at right angles to'the axisof the
hgle to measure the true, maximum dizmeter.
Remove the gage and measure the setfing with
an ocutside micrometer caliper.

MEASURING THE DIAMETEER OF A HOLE
WITH AN INSBIDE MIZROMETER CALIFER

To measure the diameter of srmall hales
from 0.2"' to 1" in diameter, as fnzide micram-
eter caliper of the jzw type as shown in figure
2-1-22A may be used. Note that, in the inset
the fimmes on bhoth the thimble and the barre]
are reversad, increasing fn the opposite dires-
tion from those oo an outside micrometary
caliper, because this micrometer reads inside
measurements. As you turn the thimble clock-
wise on this micrometer, the measuring sor-
faces move farther apart and the rezdiag in-
creases.  (m an outside micrometer caliper,
85 you turp the thimble eclockwise, the meas-
wing surfaces move closer togsther and the
reading decreazes,

For holes from 2™ up to several fset in
diameter, select the inside micrometer having

Figure 2-1-22, —Measuring an Inside diameter
with an inzide calipar. '

measuring rods whose range Includes the re-
quired dimen=zion, The extension rod marked
g1 for example, when inserted into tha
head of the micrometer, will measure insids
diammeters from 8" to 7', The =oulder on the
rod must seat praperly to ensure a correct
reading, Flpure 2-1-22B shows that, for
large measurements, bHoth hands are used to
set the micrometer for checking a diameter.
Held one end in place with one hand as you
fifee]l’’ for the maximum possible setting by
maving the other end from ledft to right, and in
and ot of the hole with the other hand. When
no left-ta-right movement is possible, and a
slizht drag {5 noticed mm the in-and-out swing,
take the Teading.

MEASURING THE DISTANCE BETWEEN OUT-
SIDE SURFACES WITH A VERNIER CALIPER

To measure the distanc e between outside sur-
taces or the cutside diamefer of round stock with
& vernier caliper, steady the stock with one
hand and hold the caliper in the gther as shown
in figure 2-1-23. "In the figure the clamping
serews are at A and B the horizaontal adjusting
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serew nut I at ©. With A and P loase, slide
the mowable jaw toward the piece belng meas-
ured until it is almost in cootact. Then tizghten
A to make C aperative. With C, adjust the
mavable jaw to the proper feel and secure the
geftine with B. The reading can then be taken
as explained inan =arlier section of this
chaptar,

MEASURING THE DISTANCE BETWEEN IN-
SIDE SUTRFACES WITH A VERNIER CALIFER

To measure the distance belween inside
aurfaces, or the Inside diameter of a hols, with
a vernier callper, use the scale marked *‘in-
gide.'* Tigure 2-1-24 shows the measuring
points in place, Bemember that if youare esing
a vernier caliper with bath metric and English
srales, the scales appear on opposite aidea of
the caliper and apply only to cutside measure-
ments. Then, 1o get correct inside meagure-
ments, you add to the aetual reading. the meas-
uring point allpwance for the aize of ealiper
you are using, Take this allowance from the
table given in part I section 1 or the manu-
facturer’s instructions. The dctual measure-
ment in this eafe is made in the same manner
as taking an outside measurement,

Figure 2-1-23.—Measuring an autside diametar
: with a rernier caliper.

e diametar

Figurs a_1.24 =Afpasuring an insid
with a vernier caliper.

MEASURING ROUND STOCK WITH
A MICROMETER

When measuring the diameter of a small
piece of round stock, hold the stock tobe meas-
ared in one hand.  Hold the micrometer in the
ather hand so that the thimble rests betweaen
the thirnb and the forefinger, (Hee fig. 2.1-25.]
The third finger iz then in a position to bald
the frame amafnat the palm of the haml The
frame Is supported In this manner and makes
it wasy to guide the work over the anvil. The
thumb and forefinger are in position ta turn the
thimble either directly or through the ratehet
and bring the gpindle over asminst the surface
beiny mezsured.

I
RATCHET STOF
LOCK WUT

Figure 2-1-25.—Meazuring round stock with a
micrometer caliper.

Turn the spindle down to contact by *ffeel,”
or alse use the ratchet stop. Yeur feel should
produce the same contact pressure and there-
fore the same reading as that produred when
the ratchet ston is used. Develop your *‘feel”
by measuring a certain dimension both with and
without the aid of-the ratehet stop. When you
have the correet feel, you will get the same
readings by both methods.

In measuring round stock the feel must be
very light because there s only a lin¢ ‘:m“"ﬂ'
between the spindle and the gtock and the lnvu
and the stock. Therefore the contact AFed

sxceptionally small, causlng a PU 1y
hizh contaet pressure per I-I'I'l-.
would tend to give a reading ‘"‘!:fﬁlﬂ mh:
true reading witess the light fotl 8.

measuring & ball from &
fact {a at only t#9 P""“t:' 5
wvary amail, Indicating

ar unlt of arek ;
tha lightast

roading.-

Hold the W
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MEAQURING A FLAT SURFACE WITH
A MICROMETER CALIFER

When measuring a2 flat surfzoce with a
microemeter caliper, the entire arez of both the
amvil and the spindle i5 in eontact with the sur-
face being measured. This causesaproportion-
allv low confact pressure per unit of area.
Therefore the ““fegl’” should be slightly haeavier
than when measuring round stock.

¢m large flat work, it is necessary to have
the work stationary and positioned to permit
access to the micrometer. The proper method of
holding a micrometer whan checking a part too
large to be held In one hand is shown in figure
2_1.25. The frame is held by ane hand to posi-
tipn it and to locafe it square o the measured
gurface, The other hand operates the thimble
gither directly or through the ratchet. A large
flat =urface should he measured in geveral
places to defermine the amount of variation. It
is pood practice to lock the spindle in place
with the locknut before removing the micTom-
gter from the part being measured. After doing
this the mezsurement indicated on the thimbla
geale can then be read,

To retain a particular setting, incases where
saveral pieces are to be gaged, lock the spindle
in place with the loceknut., When a pisce i3
tpaped'’ with 3 mrerometer with its spindle
Iocked to a sefting, the piece can guickly be
jdentified as owversize, correct size, or under-

size.

Firure 2-1-26.-Measuring flat stock with a
micrometer caliper,

CORRECT MICROMETER ZERO SETTING

If an gutside micrometer caliper does not

read zero when the spindle touches the anvil,
and both are elean at the point of contact, the
zero setting should be carrected. This will
gliminate the necessity of adding or subtracting
a rzero correction’ ournerically to each read-
ing as would otherwise be necessary if this ad-
justment were not made.

The zern sefting on all micrometers is not
made In exactly the same way. Heier to eithar
the instructions that come with the micrometer
or to ths manufacturer's cataleg for specifie
directions for a particular tool,

For example, The Brown & Sharpe Mann-
farturing Cc. Ineludes with each micrometer
the imstructions which follow, with an (lesira-
tion of each step.

1. Carefully clezn the measurins surfaces
by pulling a piece of soft paper between the
surfaces while the anvyil and spindle are in
lisht contact with the paper. Do not wse hard
paper. {Sees fig. 2-1-27A}

2. With the anvil and spindle apart, unlock
thimble cap with spanner wrench; then Hghien
cap lightly with fingers to bring light tensicn
betweea thimble and gpindle.  (See fig, 2-1-
Z7EB.)

3, Bring anvil znd spindie together by turn-
ing gpindle apd set zero line on thimble to coin-
cide with line on slesve., (See flg. 2-1-27C.)

4. Move spindle away fTom anvil by turning
spindte and not by honing thimble. (See fig
2_1-27Dn}

5. Holding thimtle only, tichten cap with
fingers. Din noat touch frame. (Sge fip, 2-1-
I7E.}

6. Lock rap with wreoch, still holding

" thimble only, and the adjustment is complete.

(See fiz. 2-1-ZTF.]

It is IMPORTANT that you grip the microm-
eter 2= shown in each figure whenr raking that
partieular adjustment, Afier completing the ad-
justment, check zero setting and make sure i€
ls enrrect.

MEASURING THE PITCH OF 4 THREAD

The serew pitch gape has teeth whicheorre-
spond fo standard thread gsections. To measure
the pitch of a thread, compare {t withthe stand-
ards of the serew pitch gage by holding a gages
leaf to the thread being gaged until you find an
exact fit. If possible, look at the fit toward a
source of light, as a difference of one thread
per ineh, in the finer threads, i= not easily
detected.

As shown in floure 2-1-28, single and multi-
ple thrgads can be gaped. The thread at A is
single pifteh, as the travel is cne thread per
revalution as shown by the detted lings. The
thread at B i a double pitch thread as showa
by its daotted lines, and the travel istwo threads
per revolutlon. In this fipure wou see that the
gage fits a rcertain threasd, whether it be single
or double pitch, internal or external thread.
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a- GAGING SINGLE
BITCH EXTEAMAL
THRELD

F=GRAGING DOUBLE
MTCH EMTERMAL
THREAD

C=GAGING INTERMNAL
THREAD

Fipure 2-31-23,--TUsing a screw plich gags.
MEASURING THE GAGE OF SHEET METAL

To measure the gage of a plfece of sheet
metal, first remove any burr from the place
where vyou will apply the sheet metal gage.

The gage shownm in flgpure 2-1-23 i= used
for gaging nonferrous shest and wire. This
gage, and others similar to it, are listed in
the “"Tables of useful information'” under wire
and sheet mefal gapes, Select, from the five
gatzes listed in this table, the one that applies
to the sheet of metal or wire you want to gage.
For instance, column 2 of the above mentioned
table tells vyou that the Ameriran Wire Gage
gshown in figure 2-1-29 iz the one to use for
nonferrous sheet and wire. Notiee that usually
each of the five gages has ifs own decimal
equivalent for = partleular gage number, I
¥ou have a piece of {ron wire that is 0.016' in
diameter, its correct idemtification is Q016"
diameter iron wire, B'W.G.  (British Wire
Gage} No. 27. I you have a piece of stesl
music wire that {5 0.016' in dizametar, you
tdentify it as 00,0187 diametar steel music
wire, Music Wire Gage No. 6.

Atter the righf gace has been selected, anply
the gage to the wire, or to the edge of the sheat
ag siown In figure 2-1-28. The number ap-
pogite the slat that fits the wire or sheet is its
gige numbter. The dacimal equivalentis stamped
o the oppozite face of the gage.

To eliminate arrors that might occur due to
using the wrone pagze, ar if gages are not avail-
able, take 2 micrometer reading in decimel
fractions of zn inch and state the name of the
material such ag 0,014" hot rolled sheef steel,
0.010f brass wire, ete. Then to find the gage
number, you can refer to the table on Wire and
Sheet Metal Gages and fing the material, the
mame of the proper gage, snd the gage npumber
corresponding to tie decimszl fractlon obtained
by taldng a micrometer readine,

Figwre 2-1-29, —Using a wire gare ta measure

~ sheet metal.
LAYING STUIT

Laying mut work is the careful measuring ahd
marking of stock prior to cutting and shaping
the wrrk, Close attention to details in layout
1s pacessary o ensure successiul progressona
job.  The layout tools should be selected and
used with care to ensure accurate layourt work

The plan for laying gut a job may be taken
from a bilueprint or a sketech. The important
thing to remembsr is to plan the layoot to ayoid
delays in getting the job dons and avold waste
of material.

Wood and metal are two common materizls
vou will work with, & marking awl
or seriber is recommended for maridne metal.
Arl old saw file ground to a fine point makes a
very good seriber if 4 commercial fype seriber
is not available. A center punch, ar prick punch
that is ground to a fine peint, is valuable for
marlding locaticns for drill holes, bends, saw
cuts, ete.  To lay ot lines on wood, pepeils
or a wnife may be used for marldng. To lay
out rouzh work, a heavy carpenter's peneil
may be used, To lay ouf lines for finish car-
peniry, a regilar Jlead pencil sharpensd to a
cmmical point is used. For extremely accurate
work, uge 2 lnife line for layout work,

The operatlons that are explzined in this
section are operations that vou will perform
when laying out lines on stock material prior
to cutting and shapirg the work,

SQUARING A LINE ON STOCK WITH A
COMEINATION SOUARE

To square a line on stoek with a combina -
ticn square, place the squaring head on the 2dze
of the stock, 2= shown in fipure 2-%-1, and draw
the line along either edge of the blade., The line
wil! be square with the edee of the stock against
which the sguaring headis hald; thatis, the angle
befween the line and the edge will be 90 deorees,
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Figure 2-2-1.—S8quaring a line on stock with a

eombination square.

LAYING OUT A 457 ANGLE ON 8TOCK
WITH A COMBLOTATION SQUARE

To lay out a ¢5° angle on stock, using a
gombination square, place the squaring head
an the edge of the stock, as shown in figure
2-2-2, and draw the line alosg gither edpge of
the blade. The line will be at 457 with the edze

Figure 2-2-2, —U=ing a eombination square to
lay sut a 457 angle,

of the stock against which the squaring head is
held. )

CRAWDNG LINES PARALLEL TO AN EDGE

— T T T 'WITH A COMBINATION SQUARE

To draw lines parallel to an edge, using a
cogmbination sguare, sxbtend the blade from the
squaring head a certain distance, such a3 the
9 jpches shown in figure 2-2-3. Secure the
blade at this posibion. Make 3 line parallel
to the adge of the stock by holding the scratch
awl or a peneil at the end of the blade as you
move the sguare along the edge. All lines s0
made, with different blade seffings, will be
parallel to the edge of the stock, and parallal to
geach other.

i
SCRATCH AWl

igure 2-2-3.—Drawing parallel lines with a
combinaticn square.

DRAWDIG ANGULAR LINES WITH THE PRO-
TRACTORHEAD OF A COMBINATION 3 UARE

Remove the sguaring head of the square and
install the protractor head. Loosenthe adjusting
gerew of the protractor head and rotate the
blade to where the desired angle lines up with
the index mark on the body of the head. The
gsetting shown in figure 2-2-¢ iz B0 degrees.
JHetighten the screw to hold the setting. Hald
the body of the protractor head in eonfact with
a Frue edge of the work with the hlade resting
on the sucface. Seripe or draw lines along the
edge of the blade on the surface of the work.
The angle s5¢t on the scale determines the angle

Figure 2-2-4.,—Drawing angular linea
with a protractor head of a combina-
tlon square.

laid owt on the work. All lines drawn with the
same setting, and f{rom the same true edge of
the work, will be parallel linses,
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FINDING THE CENTER OF ROUND STOCK

To locate the center of round stock, one of
three tools iz eommenly usad: the combination
squate, the hermaphrodite caliper, or a surface
gage.

To use the combinaticn square setfor finding
the center of rovmd stock, remove the square
head and protractor head by loosening their
clamping mits and withdrawing the rule. After
removing theses two heads, hold the eenter head
firmly in place on the end of the shaft, as shown
In figure 2-2-%, so that the shaft rests in the ¥
of the center head and is in confact with the
back of the rule. Thiz will locate the one edgc
af the rule so that it passes throuzh the center
of the shaft. Scribe a line along this edge,
Then relocate the center head at about 90° from
this first line and seribe a second Mne, The
intersection of these two lines will be fhe renter
of the end of the shaft.

Figure 2-2-6 shows the hermaphrodite
caliper being used for locating the center of the
end of a shaft. Hold the ecurved ler of the
ealiper against the shaft with one hand as you
swing the arc holding the jeint of the caliper
with the other hand, The four points aroumd

Flgure 2-2-5, —Locating a shaft center with a
. combination square. .

the shaft where the curved leg {= to be held are
located approsdmately 90° apart. Any of the
three patterns of scribed lines shown in fipure
-2-2-B will serve as a guide fo enable youto
punch the center of the end of the shaff,

Figure 2-2-§.—Locating the center of a shaft
with hermaphrodite calipers.

The method for finding the center of a shaft
by using a surface gage, ves-block, and 3 sup-
face plate or similar true surface, is shown
in figure 2-2-7. The vee-block helds the shaft
at a fixad distance from the plate, The sirfane
gage holds a serfber at a selected fixed distanoee
from the plate. To locate the ceatzr o the ong
of the shat, scribe 2 line that will be near the
cenfar. Rotate the shaft about 90° gboutits axis
as it rests in the vee-block and scribe another
lne. When four lines have been scribed, thev
wll zerve as a guide to pimching the center of
the shaft. Do not move the setting of the scriber
on the surface gage while muking these layout
linas.

When using a1 hermsphrodite caliper or a
surface gage for finding the center of round
stock, the methods shown will only give vou
an approximate center, The exzet renter can

Fimure 2-2-7.— Loeating the center of a shaft
with a surface gage.

be found by drawing lines diagonally across
the paiterns scribed, Where the diagonal lines
cross will be the exacl renter of the shaft.

When using any of the methods deseribed
for locating the c¢enter of a shaft, malke sure
the end of the shaft is reasonably sguare and
clean, The use of layouwt dve or chalk, fo
emphasize the layout lines, will make them
easier to see.

SOLVING BASIC PROBLEMS WITH
THE FRAMING SQUARE

Of all the layout tools in the woodworker's
kit, the framing square is far andaway the wost
generally useful, The problems that can be
solved when laying out work with the squarsare
g0 many and varied that whole bagks have been
written on the square along. Onlyr a faw of the
most common uses of the square can be presented
In this course.

The framing sguare is used maost frequently
to find the length of the hypotenuse {(longest
side} of a right triangle when the lengths of
the gthar two sides are kmown. Thisis the basic
problem invelved, for example, in laying out or
determining the length of a roaof rafter, abrace,
or any cther member which forms the hrpotenuse
of an actual or an imaginarv right triangle.
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Figure 2-2-B shows you how the framing
square ig usged to determine the length of the
hypateruse of a right triangle with the other
sides, each 12 in. long. Flane a true, straicght
edra on a board, and set the sguare on the board
=0 as to bring the 12-in. mark anthe tongue and
the 12-in. mark on the blade even with the edge
of the board. Draw the pencil marks shown
in the second view. The distance between these
marks, as measured along the edge of the board,
is the lensth of the hypotenuse of a right tri-
angle with the other sides each 12 in. lang,
Yom will find that the dlstance, which ia called
the BERIDGE DISTANCE, measures just a shade
under 17 in. To be exact it is 16.97 in., as
shown in the figure, bt for most practical pur-

poses the 16.97 may bz rounded off to 17 in..

Figure 2-2-0.—Basle problem solved by the
framing agquare.

In fimre 2-2-8 the hypotenuse of the triangls
is horizontal. In most practical sftuations,
however, the triangle in qusstion has one of
the shorter sides horizontal and the other vertl-
¢al, When this is the case, the length of the
herizontal shorter side i3 called the RUN and
the lensth of the vertical shorter side is ealled
the RISE.

"LAYING OUT 90° AND 23° ANCLES
WITH 4 FRAMING SQUARE

In laying out 907 and 45° angles witha framing
square, the lumber you work with will nearly
always have to be sguarsd on the ends, This
will make it necessary to lay out a line at a 90°
ancle with respect to the edge of theboard. This
ling should be ag ¢lose to the end of the brard
a5 possible to avold undue waste of material.
When doing thiz job with aframing square, place
the blade of the sguare along cone edge of the
board, and mark along the cutside edge of the
tongue, 15 shown In figure 2-2-8.

Minety degree mitered rorners ars made by
placing twa 45° culs together. To lay mut a 457
angle for maling the cutz, place the framing
syuare gn the face of the board -with an equal
aumber of graduations on the tongue and Blade

Figure 2-2-0.—Laying out 2 90° angle with a

framiog FquUare.
ag shown in figure 2-2-10, and mark along the
edge of the square nearest the end of the board.
I you want the angle with respect io the edre of
the board to be gppastte, merely tucn the square
aver on its other side apd again mark along the
edge nearest the end. By making your layout
lines nearest the edze af the hoard youwill save
material.

A,

Figure 2-2-10.—Laying out a 457 angle wilth a
iraming square.

LAYING OUT EOUNDED CORNERS
O SQUARE 8TCOCK

To lay gut a rounded corner onsguare stock,
you will need a square and a seb of dividers.
Find the center of the arc (fig. 2-2-11) by
measuring from the corner of the stock along
the adjacent sides, 3 distance equal tothe radius
of the are {A-A). Use a sgquare and square in
from paints [B-B). The intersection of these
lines will locate the renter of the are {C).

Sat the dividers to a measursment equal to
the distanee of the radbus of the are {C-E]
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Figure 2-2-11.~Laying qut a rounded corner o
square stoels
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Place one leg of the dividers at C, (fig. 2-2-11],
and rotate the dividers around this point as a
centar, allowing the other lzg to serateh lightly
the surface of the stock. This arc should fall
in lime with the =dzes of the board at points
(B-B). .

FASTENING PAPER TO 4 DRAWING
BOARD TQO DEAW LINES

To fasten paper to z drawing board, place
it on the board about an inch from the left-
hand edge and near the top. {See fig, 2-2-12.)
Placing the paper near the top of the board will
keep the head of the T-square from running off
the edge when vou are warking near the bottom
of the paper.

Then true up the paper with the T-zquare
blade, and secure it with thumbtacks or drafting
“tape at the Upper corners enly, The paper will
then lie flat cn the board.

Ta draw paralie]l horizontzl lnes, hold the
head of the T-square ta the edge of the board
andd draw lines as shown in figure 2-2-13.

To draw lines with 3 triangle and Y-zsquare,
refer to figure 2-2-14 and note the directional
arrows, Experience has shown that the best
speed and accuracy are oltained by drawing
your lines in these ways, provided of course,
you are right handed; this applies to the 30°-
80° triangle as well as the 45° shown in figure
2-2-14,

"Figure 2-2-12._Squaring paper on a drawing
koard with a T-aguare.

Figure 2-2-13.-Drawing horizonital lines with
1 T-square.

Figure 2-2-14.—Drawing lines at an angle with
@ T-square and triansles,

DHAWING A LINE PARALLEL TOAN
EDGE WITH A MARKING GAGE

To draw a line parallel tg an edee with =
markdng gage, first determine the distance the
line must be from the edge of the stock, Adjust
the marking gage by setting the head the de-
Bired digtance from the spur. Although the bar
of a marking gage iz graduated in inches, the
spur may work loose or bend., I this ocours,
acourate measurement should he made with a
rule between the head and spur. {See fig. 2-2-
134.) To draw = line after sectting the gage,
grasp the head of the gage with the palm and
tingers as shown io fimure 2-2-15B8: extend the
thumb along the beam towards the spur, Press
the head firmly against the edge of the wark to
be marked, and with a wrist motion tip the gage
forward untii the spur touches the woark. Push
the gage along the edge to mark the work, keep-

Ang the head firmly agzinst the adge of the worlk,

Figure 2-2-15, —Using the marking gaga.
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DIVIDING & DIMENSION EQUALLY
WITH A RULE

Ta divide 3 dimension, such as the £ width
of the board in fig. 2-2-16, intp any given oum-
her of equal parts, place a rule on iis edgs
arross the face of the board. With the end of
the rule at ane edge «of the beard, adjust the
rule at an anzxle to the other edge so that an
inch graduation falls on the other edge. The
grt graduation would give nine equal divisions
at the inch lines. The 57 graduation would give
B equal divisions at the inchlines, or 3 by mark-
lng at the 2- and 4-inch lines, as shown. Then
wark the divisioms on the surface with a sharp
pencil (flg. 2-2-16) and draw lines parallet with
the worlkine edge of the board.

SCRIBING A LINE TO &4 SURFACE
WITH A DIVIDER

Seriping 3 line to a surface i=a skdll uzed
when daing such foba as fliting Hnaleum into
corners o curves, or fitting a pisce of stock,
25 ahown in figure 2-2-18, to a curved surface.
In figure 2-2-18A, you see the campleta fit.
o 2-2-1RP the divider has seribed a Iine from
Ieft to rTight, When ascribing horizontal lines,
the legs of the divider must be kept plumb {me
qbove the other). When seribing vertical lines,
the legs must be kept levsl. Therefore, to

acripe a line ta & sursace, set the divider so
that gne leg will follaw the irregular surface,
and the other leg will scribe a line on the mate-
rial that is being fitted to the irregular surface.
(See fig. 2-2-138.)

Figure Z-2-16. —Dividing a dimensicn equally
with a rule.

DIVIDING A LINE INTO EQUAL
SEGMENTS WITH A DIVIDER

To divide a line equally with a divider, step
if off in any size steps, as shown in figure 2-2-
17, working from one snd of the line to the other.
When the end is reached, you will probably bave
a division which is smaller than the rest. This
15 a trial-and-erveor method; so either increase
or decresse the setting cn the divider unfil you
obtain the required number of squal divisicns.

Figure 2-2-17. —Dividing z line inta equal
segments with a divider.

Figure 2-2-16. ~Scribing a line to 2 surface.

When scribiog a line on a level suriace, as
in fitting lincleum to a curved bullkhead, figure
2-2-19, keep-the line joining the points of the
divider perpendicular to the straight bulkhead
from which you start to deribe.

LAYING OUT A PERPENDICULAR FROM
; A POINT TO A LINE

As shown in figure 2-2-20, to lay out a
perpendigular from a point to a line using a
divider, lightly prick punch the peint, C, then
svwing any arc from © which will intersect the
line AB, and prick punch the intersectitma D
and E as shown in the fizure, With D and E
as centers, seribe twa arcs, which intersect at
a poink such as F. Flace a straightedge on
polnts © and F.  The line drawn along this
straightedee from point C teline AB will e per-
pendieular (307) te the line AB.

LATING OUT & CIRCLE WTTH & DIVIDER
CR WITH TRAMMEL POLNTS

To lay put a cirgle with a divider, set the
divider at the desired radius, using a rule ==
ghown in flgure Z-2-21, Note that the 3-inch
radius being set here {5 being taken awar o
tha ond of the rule. This reduces the chance
af error, as each poinf of the dividers can be
set oo 2 graduation.
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Place ong leg of the divider at the center of
the proposed circle, lean the toal in the diree-
tign it will be rotated, and rotate it by rolling
the lmurled handle between sour thumb and
index finger (fig. 2-2-23),

\\scmaen

LINE

LENQLEUM

Figure 2.2-19. _Scribing a lne to #it Yinoleum
to a curved surface,

c
» e
A D ——E B
> F

Figure 2-2-20, —Laying out a line perpendigular,
to a line,

Flgure 2-2-21.—Setting a divider to = desired
radius,

Figure 2-2-12. —Scribing a circlewitha divider.

When setting trammel! paints, shown in fig-
urg 2-2-23, follow the same directions as for o
divider, tut use a steel tape or rulelong enough
to provide the larger radii that the trammel
points can handle.

.To lay owt a clrele with trammel points,
hold ¢ne point at the center, lean the tool in
the directiom yon propose to move the other
point, and swing the arc or cirele as shown in
figure 2-2-23.

To transfer z distance measwrement with
tramamel points, beld ome point as you would
far laying out a circle, and swing a small arp
with the other point opened to the desired
distapce.

Fipure 2-2-23. _Secribing a eirele with trammel
paints,

PFRICK PUNCHING THE INTERSECTION
QF TWO LaAYOUT LINES

To make the intarsection of two lavout lines,
bring the point of the priek punch to the exact
roint of intersecticn and tap the punch lichtly
with a4 hammer. If inspection shows that the
exact infersectiom and the punchmark do nct
ecaincide, as at A in figure 2-2-24, =lznt the
punch as shown zt B and again strike with the
hammer, thus enlarging the punchmark and cen-
tering it exactly, When the intersection has
been correcily punched, finisk off with a light
blow on the puneh held in an unright position.
C shows the corrected punchmark,
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Figure 2-2-24 —Marking the intersection of
lines with & prick punch.

LAYOUT WITH DIVIDER AND PRICK FOR
A LARGE HOLE

Where exzctness is required in locating a
hole for drilling, make a layoui apd drill 2
pilet hole to pilot or guide the final size drill,
In general, as drill sizes increase and the thick-
ness of the webatthe point of the drill increases,
a pilot hole becomes more of a neceasity. The
web of a drill, as shown at (4] in figure 2-2-23,
iz the solid center of the point extending the
length of the flutes. As the webdoes not actually
drill and remove chips, 2 pllotholeis necessary
for accurate drilling, both to remove the metal
in this area, and to pravide a true path for the
larger drill to follow. (See fig. 2_2-258.) The
accuracy with which the pilot hole ia located and
drilled determines, in part, the accuracy of the
location of the final or “*size’ hole.

1"___,WEB

Figure 2-2-23.—Drilling a large hola.

To lay out 2 hole f{or accurate drilling,
first apply layout dye sparingly to the surface
to be laid out, Then placs omeleg of the divider
in the prick punchmark which located the center
of the hole and scribe a cirele the siz= of the
hole to be drilled. With the same ceater, seribe

apother smaller circle [ealled the pilef-hole
proof circle), the diaraeter of which is equal to
the diameter of the pilat drill. [See g, 2-2-
264.} TIn firure 2-2-26, the size of the pilat
hole has been greatly sxazgsrated cowmwpared
tn the pilot-hole size which would actually be
uged for the final-hole =size shown, This is
done only to clarify the illustratien. Then, as
ghown In fizure 2-2-26B prick punch both eir-
cles aleng their cireumferences to complete
the layout. In figure 2-2-28C, the pilothale has
peen drilled to its layout line as indicated by
the -half prick punchmarks that remain oo the
pilot-hole proof circle.

FUNCH MATING PARTS WITH & CENTER
FUNCH FOR REASSEMBLY

Before taking a mechanism apart, make 2
palr of center pumchmarks in one or more
places ta help in reassembly.  To da this,
select places, staggered as shown in fleure
2.2_27, where matening pieces are joined. First
clean the nlaces selected. Then seribe a line
aeross the joint and senter punch the line on
both =ides of the joint, with single and deuble
marks aa shown to eliminate posaible errors.
fn reassembly, refer first to the sets of punch-
marks to determine the approimate peaition
of the parts. Then line up the scribed lines tg
determine the exact position.

FIHAL
HOLE S1ZE

PILAT HOLE
DRII_LI;:D

PIt.OT HOLE
PRQOQF CIACLE

Figure 2-2-26,—Laying out a hole for accurate
drilling.

-
puncny YOS

Figure 2-2-29 —Prick-punching mating parts
of 4 mechanism.
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TESTING, CHECKING, AND SETTING

Mary of the measuring and layout tools used
by mechanics alsp are used for
inspecting a finished product ar partly fintshed
product.  Inspecticm cperations consist of test-
ing, checking, and setting of a piece of work
This is accomplished br comparing the dimen-
sions or shape of a piace of work with the re-
quired dimensions given on 2 drawing or sketch.
There are many specialized tools aspecially
made for checking certain jabs. Tt iz nof'the
purpose hawever, of this section togive detailed
explanations of speedal togls, Wt rather to
shaow how to uBe some of the more common
handtools for testing, checldogr, and setting.

ADTTSTING A STIDING T-BEVEL
TO A DESIRED SETTING

To adjust a gliding T-bevel to a degired
getting, loocsen the blade screw, at the roond
end of the hendle, just enough to' permit the
blade €0 slide along its sict 2nd to rofate with
slight friction.

To 2et the blade at a 45° angle, hold the
handle against a framing square, A5 shown in
figure 2-3-1A, with the blade inter=ecting egual
graduaticns on the tomgue and blade of the sguare.
Cr: hold the bevel against the edges of 3 457
drafting triangle as shown in figure 2-3-1B.
When using drafting friangzles for setting a s13d-
lng T-hewvel, different size triangles must be
used for each different setting, A 45° angle can
alse be set by using the squaring head of &
combination sef as shown in fipure 2-3-1C.

A sliding T-bewvel can be set o any desired
angle by using a protractor. Lacsen the hlade
gorew ags before, and hold the bovel with its
blade passing through the graduation selected,
and the center of the protractor as shown at (D)
in figure 2-3-1,

TESTING THE TRUENESS OF A CHAMTER
OR BEVEL WITH A SLIDING T-BEYEL

To test a chamfer or bevel for trueness, get
the T-bevel to the required angle, and hold the
hzndle to the worldng face of the stock being
tested. Face 3 source of light, and with the
blade brought into contact with the surface to
be tasted, pass the hlade along the length of the
surface. ([See fig. 2-3-2.) The appearance of
light between the blade znd the surface of the
Stock indicates where the angle is not correct.
Figure 2-3-2 Indicates the cheekdng of a bevel,
bt testing the Grueness of a chamfer is ac-
camplished in the same way.

TESTING TEUENESS QF A 457 ANGLE
WITH A COMOINATION SQUARE

To test trueness of 4537 anples with 2 com-
Lination square, hold the body of the square in
contact with one surface of the 45° angle, and
move the blade into contast with the other. (See

45®s
DRAFTING
. TRIANGLE

AW

fi  FRAMING

; i» SQUARE

R

A

EE— A "

COMBLNATION
SGUUARE SETTNG THE T-BEVEL

[ m]

Figure 2-3-1.—Adjusting a sliding T-bevel to a
desired seffing.

Figure 2-3-2.-Testing the trieness of 2 bevel.

fig. 2-3-3.] In making this test, havethe sguare
between wourseld and the source of light. If
the angle {g a true 45° angle, no lizht will be
visihle bebween the blade and the surface of the
work.

TESTING TRUENESS OF 4 290° ANGLE
WITH A COMBINATION EQUARE

Ta test trueness of 90° ancles with 2 com-
bination square, held the body of the square in
contagt with one surface of the 90° angle and
bring the blade into tontaet with the other. [See
fiz. 2-3-4.) In malkdng this test, havethe 2quare
betwszen wourself and & good source of light.
If the angle is = true 90° ansle, no light will be
vigihle between the hlade and the surfare of the
worl,

SETTING 4 SURFACE GAGE FOR HEIGHT

Ta =zet a surface gage for height, Ilirst wipe
ot the top of a lavowt fable or surface plate and
the betiom of the surface gage. Use either a
combination sgusre or 3 rele with ruls holder
to get the measurement, A rule zlone cannot
be held securely without webbling and conse-

-1~



quently an error in setting generally resulfs,
Beeairse a nombination square is generally avail-
able, its use for setting a surface Fage is ex-
plained in this section,

SIGHT HERE

Figure 2-3-3.--Testing the frusness of a 43°
angle with a combination square.

Ficure 2-3-4,—Testing the trueness of a an®
anzle.

Place the squaring head of a combinaticn
square on a [lat surface as shown in figure
2_3_5, and securs the srale s0 that the end is
in contzet with the surfaze. Move the supface
gaze intg position and set the seriber to the
approximate hzight required, using the adjusting
clamp that holds the seriber oito the spindie.
Yake the final adjustment for the exact height
required (4 1/2 inches in this case) with the
adjusting screw on the base of the gage.

LEVELING AND PLUMBING EGQIIPMENT
WITH & CARPENTER'S LEVEL

To level a piece of enquiprrent, such as the
woarkoench in Houre 2-3-6, set 3 carpenter’s
level on the bench top parallel to the front

!

i

i
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Tizure 2-3-3.-Feming a surfacs g3%s £0 hetzht.

Figure 2-3-§,—Leveling 2 bench.

edge of the beach. Notice that the level may
have as many as three or mors palrs of zlass
vials, FHegardless of the pogition of the leval,
always watch the bubble in the bottom vial of a
herizontal pair. Shim or wedge up the end of
the bench that will return that bubble to the
senpter of its wial. FHecheck the first position
of the lewvel before Securing the shims or wedges.

‘Tp plumb a piece of equipment, such as the
drill press shown in fizure 2-3-7, place the
level op the side and on the front af the main
solumn of the press. Flgure 2-3-7 shows the
level on the side. Usa= shim= as necessary to
bring the bubble in the lower vial of either pair
of the horizantal wials tothe center jneach case.

TEING A PLUMB BCR

The plumb bob is used to defermine true
verticality. It ia used in carpentry when grect-
ing vertical uprights and corner posts of frame-
work, Su-vevors use It for transferring and
lining up points.

To locote a2 point which is exactly below a
particuiar point in space,secure the plumb [alstal
string to the upper point, such as A in figure
2.31-4. When the olumb stogs swinging, the point
as indicated af B in the illustration, will be ex-
aetly helow A, .

To plumb a structural member, or an elec-
trical eonduit, as shown by figure 2-3-9, sequre
the plumb line A so that you can lIpek at both
the line and piece behind the line. Then, by
sighting, line up the member or conduit with
the plumb line.

If this cannct be done, it may be necessary
tg seeure the plumb line al some point such as
E, and then measure the cffset from the line
to the pizce at two places 50 that, for example,
C and D in figure 2-3-9 are equal. If the dis-
tances between C and D are not equal, adjust
the structural member or conduit until thevarz.
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Figure 2-3-7.—Plumbing 2 piece of equipment
with a level,
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Figure 2-3-8.—Locating a point with a plumb
bob.
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Fipure 2-3-9% — Plumbing a structural member
with a plumb bob,

USING A THICINESS GAGE FOR CHECKING
CLEARANCE BETWEEN SURFACES

To cheek clearance between surfares, first

clean the surfaces where the checkwill be made,

Then insert blades of the thickness zage (fig. 1-
1-.88} into the clearance between the surfapes
until a bladz {5 found that enters with a slight
dragz. Then read the gage as follows.

In figure 2-3-18, the thickness gage lea? and
the piston ring will both fit into the ring groove

Figure 2-3-10, ~Thecldng piston ring elearance
with a thickness garpe.

in the piston at the same time, Therefore, the
number that appears on that leaf of the gace
represents the number of thousandths of aninch
of clearsance there is between the piston ring
and the side of the groove in the piston. All
thickness pages have the thickness given onearch
leaf as a decimal part of an inch, such as
0.003', or 0.025'7. When necessary, two or
more leaves can be vsed together for larger
clearances. Keep the leaves clean and handle
them with care s¢ as not to cause damage to
their edgzes or polizhed surfzces.

TESTING A SURFACE FOR FLATWESS

To test a surfacefor flatness, carefully clean
it and remove all burrs.  Then place the sur-
face of the object on a flatarea such as the sur-
face plate in fizure 2-3-11. Any rocking motion
that is apparent will indicate a wvariance from
flatness of the piece being tested,

o e

Figure 2-3-11, —Testing a surface for fiatness.

To determine how much variation there is
from flathess—and where if is—vou can insert
leaves of a fhicknes=z gage to determine the
amount of variation of flatness. Hemember to
add the thickness of all leaves icgether to get
the tota] variation. [See fiz, 2-3-12.)
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For very fine work, lightly eoat the surface
plate with prussian bHlue {bearing bluel and move
the piece being tagted 1eross the Dlue surfice.
{See fic. 2-3-13.) The low spots on the surface

Figure 2_3.12. —Checking the conformity of a
fat surface.

Figure 2_3.13.—Using prussian blue to aid In
testing a flat surface.

being tested will nat take the hlue; the high
spots will, See {pzert in figure 2-3-13.

a surface also may be tegted for flatness
with a siraightedze. To do thia, clean the sur-
fiee thoroughly and hold the stratghtedge an the
aurtace in several places a5 you logk Eoward
a source of light. The light showing hetween
the surface being tested and the straighteds=
will reveal the low spots.

SETTING A COMBINATION FIRM JOLNT
CALIPER WITH A RULE

T set 2 combination firm joint calip=r with
a rule, when the legs are in position for outside
meazgrements, Trasp the caliper with both
hands, 2s shown in figure 2-9-143, and adjust
both legs to the approximate setting. By adjust-
ing both legs, the shape of tha ool will be ap—
proximately symmetrical. Thus it will maintain
{ts balance and be easier to handle,

Check this approximata setting and subse-

quent adjustments to the setting, as shown in
7_7.14B by resting oone leg on the end of the
rule. Sight squarely 1¢TOSS the other lag at
the gradustions on the pule to get the exact
setting requirsd.

£ *it is necessary to decrease the =etting,
tap one leg of the caliper, as showi in flguce
¥_3.154. I it {5 neceSsary ta increase the
setting, tap one led of the caliper, as shown
1in figure 2_3-15B. It both fllustrations the
arpow indicates the change in setting that will
take place.

Figure 2-3-14, —Jeting a pambination firm joint
caliper.

Fimure 3_3.15. -Decreasing and increasing the
setting of a firm joint caliper.

When the caliper {s set for inside measure-
ents, the same directions for adjusting the
setting apply, Figure 2.3-16 shows how the end
af the rule and one leg of the caliper are rested
me the bench top so Ehat they are pxactly even
with each other when the reading is taken.
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Figure 2-3-16, —5Setting 2 pomblnation frya joint
callpar for inside measurements.

SETTING OUTSIDE AND TNSIDE SERING
CALIPERS WITH A RULE

Tp =Zet a4 pariieuylar reading cn an outside
spring caliper, first open the paliper to the ap-
proximate setting. Then, as shrwn in figure
2.9.17, place ons leg Over the end of the rule,
steadying it with index finger. Malke the final
zetting by sighting over the ather leg of the
paliper, squarely with the face of the rule at
the readinr, and turning the knurled adjusiing
mur until the desired setting is obtainad, Ta
saf ap ingide =pring caliper fo 2 particalar
reading, place both caliper ard rule on a flat
guriace as shown in figure 2_3-18. The rule
must be held squarely or normal (907 in both
directions) to the surfase to ensure accuraty.
Adjust the murled adjusting nut, reading the
setting on the rule with line of sight norraal Lo
the face of the mula atihe reading.



caliper.

Figure 2-3-1B.—Setting an inside spring caliper.

TRANSFERRING MEASUREMENTS FROM
ONE CALIPER TO ANOTHER

To transfer 2 measurement {rom one spring
caliper 1o another, hold the calipers as shown
in fipure 2-3-19. Note that one of the man’'s
fingers {s extended to steady the point of contaet
of the two lower celiper legs. In this figure the
instde caliper i5 being adjusted to the size of
the outside caliper. As careful measurements
with calipers depend on one's sense of touwch,
which is spoken of a5 ““feel,’’ calipers are best

HITSIOE CALIPER

Figure 2-3-18.—Transfering a measurement
from an outside to an fnside caliper,

held lightly. When vou natice a slight drag, the
caliper is at the proper setting.

SETTING 4 DIVIDER TO REQUIRED
DIMENSIONS

In metfinz 2 divider ton a dimension on a
scale, the usual procedure {5 to locate one point
in oe of the fnch graduations of the tule and

turn the kowrled adjustine mnt or serew 50 that
the other point falls easgily inta the desired
graduation. [See fig. 2-3-20,] Make sertain

the points of the divider are not blunt.

Figure 2-3-20.—Setting 2z divider using a rule.

Maost vernier calipers, except the larger
sizes, have two center points similar to prick
punchmarks, ‘These are particularly useful in
getting a divider to exact dimensions. Ome
center point will be found near the zero end
of the scale on the rule. The other polnt is
in line with the first anpd to the left of the
zero on the vernier scale. (See flg, 2-3-21.)

Set and secwre the desired setting om the
vernder callper and adjust the divider until
beth points readlly eoter the center points on
the vernier caliper as in fimoe 2.3-71,

TRANSFERRING A MEASUREMENT TO
AN OQUTSIDE MICEOMETER

To transfer a measurement from an ingide
Epring caliper, a telaszoping gage, or an in=ide

Figure 2-3-21. —Setting a divider with = vernier
caliper,

micrometer caliper to an owtside micrometer
caliper as shown in figure 2-3.22, proceed as
vorr wounld to measure the outzide dizmeter of
round stock.  In effect, you are simply meas-
uring the setling of one of these tnals with the
outside micromester., You proceed as you would
in calipering round stock Because the contact
area is small and the contact pressure on the
micrometer must be kept at a minimum. Tss
the ratchet step, if the micrometer has ooe, to
provide the correct pressure.



Figure 2-3-22.—Transfering a measurement
from an inside to an outside micrometer
caliper.

The transfer of a measurement from the
inside to the eutside micrometer calipers canbe
a check on their accuracy, as both readings
should be exactly the same. Tf they are not,
first cheek the zero setiing on sach according
to the manwfacturer's instructions and make any
necessary correcticns. Then fakea reading ona
known dimension with the outside caliper such
a5 on a gage hlock. This gage block must ba
somewhera between 1" 2nd 2'' in size, since the
micrometer shown has a 1" to 2% range. If
this reading does nat check out, the threads o the
spindle and in the sleeve of the outside microme-
tar are probably worn. This requires returning
the micromteter to the manofacturer for repairs,

If the gage test shows the gutside micrometer
caliper to be correct, the trouble is likely with
the threads on the inside micrometer caliper.
i, also, must be sent to the manufacturer for
repaira.

CHECEING HETGHT WITH A DIAL
INDICATOR

Ta check height with a dial fndicator, sup-
port the indfcator with a surface gage, as shown
in figurs 2-3-23. This figure shows the surface

D, SET SCREW

DisL INQICATOR

SLAFACE FLATE

Figure 2-3-231, —Checldng the difference in
heights of obiects with a dial indieztar,

rage and bwo objects resting on a surface plate.
With the adjusting screw on the surface gage,
more the indicater down ioto contact with the
first objeet and securs the settine winenthe hand

s ]
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bas moved about five-theusandth=s on the dial.
Eelaase the dial setserew that is at the edge of
the dial, rotare the dial toaline the zero with the
hand, and retighten the $etscrew, Then, without
changing any of the adjustments, carefully slide
the sixrface gage along the surfaee plate to take
a dial indicatpr rezding oo the ather object, or
mgve the ather chject under the spindle of the
dizl irdirztor. The plus or minus reading on the
dial will indicate fhe number of thousandtng of
an inch that the two objecks differ inheight,

If the second chject being checked is mare
than five-thousandths of an ineh shorter than the

‘first, reset the dial indicator lower o get the

difference reading.

TESTING THE TRVENESS OF SHATTE AND
WHEELS WITH A DIAL INDICATOR

To testthe trueness of 3 shaftbetweoncenters
{fig. 2-3-24), set un 2 dialindicator ona Surface

Figure Z-3-24, —Testiny the trueness of a shaft
' between centers.

gage 5o that the contact point of the spindle rests
on the shaft near the middle, Nowturn the shaft
slowly as you watch the needle on the dial. A
bent shaft, as it turns, will cause the spindle to
move up o7 down. This motion is registered on
the dial which i5 calibrated in one-thousandths
af an fneh. To read the total “runout® of the
shaft, which means che amcunt i e Dent out of
line, loosen the dial setscrew that sscuves the
rim of the indicatar case and adjust the dial so
that the zero colpeides with the needle at one
end of its travel. Ther turn the sharft and take
the reading at the ather end of fhe needla’s
trawel. This reacing will indieate the number of
thausandths ol an inch the shast is our of feus,
apd it will gnahls vou fa find the high slde as the
shatt rofaf=s,

To test fhe trueness of 1 wheel, gear, ar
gheave, ser up the dial indicator s2 thac its
spindle is parallel fto the shaft an which the
wheal 1s mounced, and so that the b9 of the
spindle bezrs on fhe side of the whael near jis
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outer edge, A= the wheel is rotated, the needle
will indicate the runoet in theusandths of aninch
and enable wou to find the place where it is at
the mavimum, {See fig, 2-3-23.)

Figure 2-1-25, —Testing the trueness of 3 wheal.

WOODCTUTTING OPERATIONS

Cme of the mostimportant operations youwill
perform with wood 15 the proper laying ot and
cutting of stock Ivmber, laying outis explained
in en earlier section af this ecourse,

It iz important to determing at the beginning
that the quality of stock fits your needs. Ex-
amine the stock for knots and checks, and lay
ocut the job s that the imperfections will be cut
away or will appear on the back side or under-
neath side where they will not be seen.

Check the stock to be certain that it is of
proper size to ensure the required thickness and
width of the piece you need, Whenlaying out the
joh, keep fn mind that there sheuld be as little
wagte of material a5 possible.

USING A HAND SAW

To zaw across the grain of the stock, use the
crogseut saw, and to saw with the grain, use a
ripsaw, Study the beeth in both Rinds of saws 5o
you can readily identify the saw that you need.

Flace the board on 2 saw horse (fig, 2-4.1),
or some other suitable object. Hold the saw In
the right hand and extend the first finger along
the handle as shown in the ficure. Grasp the
board as shown and take a posifiem so.that an
imaginary line passing lengthwise of the right
forearm Wil be at an angle of approxdmately 45
degrees with the face of the board. Be sure the

Figure 2-4-1.—Proper position for sawing a
board to size. ’

gide of the saw iz plumb or at right angles with
the face of the board. Piace the heel of the saw
ont the mark Keep thesawinline with the fore-
arm and pull it taward you to start the cut.

To begin with, take short, light strokes,
gradually inereasing the strokes to the full
length of the saw. Do not foree or jerk the saw.
Such procedure will oply meake sawing more
difficult. The arm that does the sawing should
swing clear of your body so that the handle of
the saw operates at your side rather than in
front of yonu

Use one hand to operate the saw. You may
be tempted to use both hands at times, bot if
Four saw is sharp, one hand will serve you bet-
ter, The welght of the saw iz sufficient to make
it cmt.  Should the saw stick or bind, it may be
bacause the saw is dull and is poorly ‘‘set”’
The weod may have too much moisture in it, or
you may have forced the saw and thus have
caused it to leave the straighi line.

Keep your eye on the line rather than on the
saw while sawing, Waeiching the line enables
¥ou to see just the moment that the saw tends to
leave the line. A slight twist of the handle, and
taking short strokes while sawing, will bring the
saw baclk. Blow away the sawdust frequently so
you can see the layout line,

Figal sirokes of the cut should be taken
slowly, Heold the waste piece in your ather hand
so0 the stock will not split when taking the last
stroke,

Shorf boards may be placed on one gawhorse
whenh sawing. DPlzce long boards on twa saw-
horses, but do not saw g0 your weight falls be-
tween them or your saw will bind. Plage long
boards so that your weight isdirectly on ooe end
of the board cver one sawharse while the ather
end of the boaprd resis on the other sawharse.
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Short pieces of stock are mare easily qut
when they are held ina vise. When ripping shart
siock it is important that you keep the saw from
sticking, so i may be necessary to take a2
squatiing posttion, The saw can then take up-
ward directicn and thus work easily. Whenrip-
ping long Boards it will probablybe necessary to
use 4 wedge tn the saw kerf to prevent hinding
(See fig, 2-4-2.)

TSING PORTABLE CIRCULAR SAW

When you use a portable electrie circular
saw for cutting stock to size, make layout lines
the same as ff ¥ou were using z band saw, Ad-
just the depth of the saw cut, never allawing

Firure 3-4-J.—Using 2 wedge in a saw kerf to
prevent binding.

more than 1/4 inch of the saw hlade to protrude
throush the material. When crosgacutting [across
the grain) turn the ripping Tulde up out of the
way. Start the saw by preasingthe switeh in the
handle. Allogw the saw to run for a few seconds
to see that it is ooerating praperly.

NOTE: You should never use a power
gaw unless you have Beeninstruciedinits
use by a proficlent gperator.

Pace the stock to be eut on sawhorses or
gther support in such a way bhat it will aot
change its positien while being cut. Accidents
mizght occur when the power saw ia used to cut
shert pieces that might slip or that are hard to
hotd. Held the bosrd with one hand, and guide

- the saw along the layout lne with the dther.

Somewhera at the front of the shoe of the saw
iz a line which tells you the cut line of the saw
blade. By keeping this ling traveling on the
pencil mark you will now the cut will be true.
I you find that you are traveling off the line, da
pot attempt to force the blade back into line
again. It is best to back out the Dlade and malke
2 new approach. ’

At the start of the cut, be sure the blade {5
not making confact with the worlk. Rest the tool
oo the work, line up the cut guide with the layoqut
line, and when the Ylade has attained full speed,
gtart cuttlng. Wood does not have uniform densl-
tw, therefore, the cut #ill be pagier {n some
places than im others. Thisis eapecially true
when fou are cutking through 2 koot inthe wood.
¥ at any time the s2 beging to labor, slow up
the feed pressure. Ib is notadvisableto reieass

tha switch when the Blade stalla or approachesa
stall: Instead, back the blade ot from the cut
unfil the saw resumes full speed, and continue
the eut. Fase up on the feed pressurs (o com-
pensate far the additional density through which
rou are cuiting.

Meowver work with the tool resting cn the
nortion of the work which iz being cut off. I
yem do this, the tool will have na support at the
end of the cut. Always position the tool on the
main side of the cut. Positlon yourself where
your oody 15 oub of the Iine of cut,

The cut itself should be made just cutside of
the layout line. Hemember that the saw cut
(kerf} has width, and that if you cut exactly on the
line, you will be reducing the dimension youneed
by at least half the width of the kerf,

When ripping a hoard with a saw that is
equipped with a rip puide, it iz not necessary to
make a layout lina. Sef the rip puide to the de-
sired width of itheboard as shown in figure 2-4-3,
Feed the saw into the material in the same man-
ner as when crosscutting., Push the saw forward
ao that the ripping gage will slide along tha edee
of the board. Chserve the same precaudtions in
handling the =zaw as in crosscutting,

Figure 2-4-3.—~Ripping with aportahle elreular,
using a ripping guide,

TSING A BADIAL ARM SAW [CUT QFF)}

Whep waing a radial arm saw for tutting stock
to size, it is important that youfollow the mamu-
facturer’s manual in malking the adjustments of
the saw and securing the locks. Revlew the in-
formation of radial arm saws in section Ipart 2
of this course if you have any doubt 23 to what
adjustments must be mads. While the relation-
ship of parts is basically the same on all saws,
adiustment procedurss may vary, so study the
literatire that comes with the machine you ars
operaking,

To eut 3 baard to size, {irst dothe crossout-
ting that is necessary. Make the Jayout lUnes
the same 25 for any other job. Before placing
the board cn the table of the saw, start the saw
and let it come up to gperating speed, and pass
the sow back and foeth through the line of cut ia
make sure it operates sraperly.
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Place the board to bes cur on fthe saw tzbls
againgt the guids fance and ma%we surethe lavour
line is in lln= with the Uns of cut of the saw.
Place your lefr hand to the [eft of the saw blade
travel. (Zee fig. 2-2-2.) Turnonihe switch and
pull the blades gradually through the work Then
return the blade i the starting position.

Fizure 2-4-4.—Crosscutting, using a radialarm
saw,

The ¢uf is complete wheo the blade has
passed across the Hoard width, but the operation
15 not cormplete unfl) you have peturned tha blade
to the rear of the armtravel. This is important.
ALWAYS RETURN THE BLALE TO THE
STARTING POSTTION,

When ripping a board to size, push the work
tnto the blade rather ihan pull the blade through
the work. Set the saw blzde paralle: ta the
guide fence. Set the blade 3 distance from the
tuide fence equsl to the width of the put that you
wish to make and lock the saw in position, (See
fig, 2-4-5.]

Never foed the work in the direction of rota-
tian of the blade. You must always feed against
the rotatiom. Most sawsare marked witharrows
and warnings to help youremember correet feed
direction for sip cuts.

Cme edge of the work ridas against the fence
5o it is imporiant that the blade (inrip position)
and the fence De parzllel. Khinding cecurs it is
4 zood sign that the Wade {s nobt in parallel
alisnment with the fence,

Feed fhe work into the saw at a moderate
spaed, bul oot 50 fast that the =aw will stall.
Keep vour hand the! is doing the feeding well
away from the cutting area. Use push sticks
ffic. 2-4-8} tg faed the work into the saw when
you near the end of the enf. When the ot is
complete, turn off the switch, then removrs the
waork from between the blade and fence. Mever
da this while the blade is furnine.

Figure 2-4-5,—Ripping, using a radial arm saw.

ASBEMELING AND ADJUSTING A
PLANE FOR CUTTI=G

To assemble the plane fron or blade and the
plane fron cap for cutting, first hold the cap and
blade as shown in figure 2-4-T4, Noticethat the
hevel on the blade iz on the side cpposite the
cap side. When the head of the cap screw has
dropoed throuzh the hole in the bBlade, slide it
dawn the slot in the blade o the pasition shown

Filgure 2-4-£.—Push stick for rippins.

in figure 2-4-78. Then rotate the cap to the
position shown in flgure 2-4-7C, keeping the
carved end of the cap wall awar fromthe cutting
edepe of the blade. Now slawly and carefuelly
mave the cap toward the cutting edee of the
blade wunfil it is about 1/32" awar from the
cutting edge a8 shown in figure 2-4.°0,

In part 1 section 1 figure 1-1-434 vou will
see the 1722" solbmel from the end of the
blade to the eap. The purpese of the cap is to
curl the chips as they a2re cut off the wood by the
cutting edge of the blade., This cap is some-
times called a chip breaker. The cap is fittad
proverly to the blade in fizure 1-1-43A. Figurs
1-1-£3E shows z gcap which haz bean improp-
erly ground and therefore does not fit correctly.
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This will cause chips to become lodged betwaen
the blade and the cap. The improper it may be
sorrectad by filing or grinding the cap just be-
hind its forward edge. In figure 1-1-45C the
chip is being properly curled by the cap. Chips
are curled so that they take a minimumaf roor,
tend to break off as they Increassa in sire, are

1

! B c o

Figure 2.4.17,-Assembling a plane iron amd eap
for cutting.

less likely to foul the cap when coming cut of
the plane, and are moTe easily disposed of when
swert from the bench tap or the deck.

To eomyplete 2ssembly, and bar adiwst a plane
for use, rvefer io figure 1-1-44,  Place the
assembled plane iron and cap In place, as shown
I figure 1-1-44 (A and B), and be very careful
to keep its delicate emtting adee from coming in
comtact -with the other mebal parts af the plane,
The lug, shewn in flgure 1-1-444, at the lawer
end of the lateral adjustiment lever, must enter
the glot in the blade. The upper end of the ' ¥
adjustment must enter the rectangular hale in
the plane lron cap. The laver cap Gtraw shown
jn figure 1-1-34C is used for adjusting the ten-
sion of the lever cap hearing on the plane iran
cap, When the lever cap lever 1s down, as
=hown in 1-1-34C, and the lever cap is logss in
its place, tighten the lever cap SCrewa qudrier
gr 4 half turn at a time untll the looseness
disappears.

o adjust the plane for use [which means
having the blade protruding throush the battom
of the plane tHe praper amoult, and having its
pdge parnllel to the bottom ol the plane], refer
to figures 1-1-48 and 1-1-47. A3 you sight
along the bottom of the plane, b the adjusting
put until you ean just barely see the blade pro-
truding throwsh the battom of the plane, Fig-
ure 1-1-26 (B and C) shows you [greatly exag-
zerated) what tg laok for. The three views in
fizure 1-1-47 indicate how gifther cne corner
mp the other of the plane iron ean be withdrawn
br moving the lataral adjusting lever from Leit
tg Tight. The final positlon of the latzral ad-
justing laver is oot important. What is im-
portant is to have the blade pectruding avenly

acrass the Width of the botiom of the plana.

PLANING STORE TO CIVEN DIMENEIONS

To plane stock io ivan direnszions, a stand-
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ard wrogedurs is racommended, You will gen-
erally start with a piece of squars stoclk. Part
T, section 3, of this course shows you the best
metheds for Easting stock for souareness.

Figurae 2-4-6 shows the six standard steps
to follow in planing any stock to given dimen-
siona; to get aceurats results, follow carefully
the proceduras sbhown.

To plane a chamfer, as shown in figurs 2-
4-9a, first make the laymt on hoth sides of
the rorner o be chamfersd.  Figure a.4.8 (B
and ) show these layaut lines being made w4
a marking gage.

To plane the chamfs:r on an edge secure
the stock in a wvise, if possible, as shownin
figure 2-4-10A. As you are planing o two
layout lines, wateh both lines carefully so that
both lines are reached at the same time. Fig-
ure 2-4-10B shows an epd view of planing a
chamfer an an edgg.

Ta plane a chamier tn the end of a pigce of
stoek, secure the stock and plane as ghown in
figure 2-4-11, fctice carefully the angle at
which the plane i3 being held. Mave the
pilane according to the dir ectional arrow shown
in the figurs, znd work from left to right until
the epbre width of the stock has been chamferead.
Layout lines are used as before.

To plane a bevel only ane layout line iz re-
quired due to the fact that the epposite edge of
the stock serves as the other layout line. Plane
fhe heval aa vou would plane a roamiat, holding
the stock in a vise.

To plane across end grain, figure 2-4.123,
hold the block plans at an angle sothat the blade
will make 2 shearing sut. Block-plane adfust-
ments are basically the same as those Jor
smaocothing and jack planes. See flgure 2-4-128,
To assemble a block plane, which has a cap
gimflar to the lever ¢ap on a smogthing plane
but has no plane iran cab, ftnserttheblade care-
fiAly into the Yody with the bevel up. This posi-,
tign of the plama iron is just oppasita to the
plage iron pesiticn in planes with lever caps.
A block plane has a very low blade angle to
facilitate planing across grain, If the plane-
iron bewe! were daown, its heel would not per-
mit the cutting edges to come into cantact with
the surface of the work

To see how ta orevent splitting the edge of
the stock when planing across its end, refer to
fioure 2-4-13. At {A] the presence of the lay-
cnt line indicates that the board has not yet
heen nlaned 1g its reguired widthh The splifiing
that eecurs is therefore in the serzp area. A
(Bl the end is first planed Irom one =dge tarward
the tmiddle azd then framm the other, No splitting
aver [ies glace when the plane enters the euf,
hui does oeelr when it leaves the cub at the
edge of the wori [n this method it does ot
leava the cut at the =dze, AL {C) a har clamp
holds a piece of sorap stock in place to back up
the job af cne edge. Again splitting accurs, Tut
in $%= serag Stcoic



I, WORK FACE

FLANE DNE BRCAD FJURTECE SMOOTH akD STREIGHT. TEST IT
CROSSWESE, LENGTHWISE, A4D FAQM. GORMER T CORMER. MARK
THE WQRK FACE X.

2. WORK EDGE

PLAME QME EQGE SMOOTH, STRAIGHY AMO SOUARE TQ THE WiHK
FECE. TEST IT FRH THE WORK FACE. MARK THE WaAW ELGE #.

2. WORK END

FLANE ONE END SMCOTH AWD SOUARES. TEST M FRGW THE WORX
FACE AMD WORK EOGE. MARK THE WORK END X

4, SECOND EMD

MEZSURE LEMSTH aND SCRIBE adOUNL THE STOCX & LINE
SRLFE TJ THE WORK EDGE AND WORK FACE. SAW OFF EXCESS
STOCK NEAR THE UNE AWD PLeME SMUOTH TG THE SCRIBED
LIME, TEST THE SECCHD EMQ FACM BOTH THE WiTRK FACE AwD
THE WDRK EDGE.

3. SECOND EDGE

FROM THE WOHK EOSE GAUGE A LIME FOR 'WIDTH O BOTH
FACEE. PLANE SMDOTH, 3THAIGHT, SRUARE AKD TD THE
GAUGE, LIME, TEST THE SECOND EDGE FHOM THE WORK FaLE

6. SECGND FACE

FAQH THE W{HK FAGE GAUGE A LIME FOR THIGKMESS AAGUMG
THE STUCE. FLANE THE STDCK TO THE GAUGE LINE. TEST
THE 5SECCND FACE A5 THE WORK EACT |5 TESTED.

Fipure 2-4-3,—5teps to follow in planing any stockio a given size.

USING A DRAWERNITE [DRAWSHAVE]
FOR ROUGHING GUT A CURVE

A -grawhknife is useful for roushing out a
curve or any {rrepular surface in lumber, This
is especially true where 4 large amount of wasts
material must be remaved.

To uze a drawknife, first make the layout
lines on the stock material whers they are
needed. Clamp the stock in a vise o ctherwise
hald it securely. The drawlmife iz alwavs
pullad toward the operator with bBoth hands and
sinece, in most cases, you will be cutting bath
wifh and across the grain of the stock, it is ad-
visable to work {irst on coe slde of the gut then
the otiier. This procedure will lessen the
chances of splitting the stock  Keep the hevel
gide of the blade wup for crdinary work, and
move png end of the blade slightly shead of the
other to give an oblique or sliding cwt. This
gives hetter control af the tool and enables yonu
to cut to the layout line more easfly,

After you have removed most of the excess
material from the aut, use a wood rasper sand-
paper to smooth the ewt even with the laypur
lines.

BORING HOLES IN WOOD

Boring holes is freguently necessary when

worldng with wood, It iz important, therefore,
that you lmow the proper procedires and the
tools that are used for this job.

The auger bif iz the tool that actuslly does
the culting in the wood: however, it {s neces-
sary that ancther tool be used to hold the
auper bit and give you encugh leverage o turn
the bit. The tools most offen used for holding
the Git are the ¢arpenter’s brace, breast deill,
push drfll, and the drill prass.

For accurate boring, first mark the location
for the center af the hole by the intersection
of two cross lines,.or by 2 small hole made
with an awl or other sharp-pointed tool. 4As
the auger starts boring, be careful fc keep it
perpendicutar o the surface {unless yeu are
biocing the hole at an angle), To see thal the
auger i® boring square with the surface, step
back 2z little, steadying the brace or drill with
one hand, and sight; then move around and sight
in another direction about at right angies o the
first directipn of sighting. A sguare may alsc

z uged lo see if the bit is goinp straight. It is
better for a hezinner not o depend too much oo
the square, however, Hut to develop abillty in
sighting. Leaning the top of the auger slightly
one wav¥ or znother will ehange the direction of
boring.
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Figure 2-4-11.—Flaning a chamfer on the end of
a piece of stoclt,

To get satisfactory resuits when using an
auzer bit, make sure the proper bit is selscted.
Tse the bit in the oroper mamner and make
sure the cutting edges are properly fitted and
sharp.

SHARPENING AN AUGER BIT

To sharpen an auger bit, selecia sharpauger
bift file and a suitable place to rest the bit while
it 18 being filed. The edge of the bench, or a
piece of wacd held in the vise, will be very
satigfactory.

A file {5 gharp when it will “fz%e hald’” on a
piece of mild stesl and produce fillnga. An
auger bit file is abont T inches long, has spear-
shaped ends and a round body, See figure 2-4-
14, Cne end ha=s teeth on the two faces and no
tegth on the “szafe'’ odzes. The other end has
keeth on the edzes and ng teetk on the ““safe™

FLAME |RCH
BEYEL UF

Figure 2-4-12,—Planing across end grain of
o wood,

.11

Figure 2-4-13.—Preventing apliting when plan-
ing the edge of stock.

= v =

-~
SAFE FAGE

S8FE EOSE  pogy |AgUNDE

Figure 2-4-14.—An auger bit file,

facea., Safe means having oo teeth, BEecause
ft is shaped as it is, and has the safe edges and
faees, it will not damage the sharpened parts of
an auger bit while adjacent parts are being
sharpened. These fileg are made in only one
slze bt will abarpsn all sizes of auger biis.

To sharpen the cufting edzes of the bit, {ile
coly the top surface, fcllowipg the original
bevel established by the manuficturer. See
figure 2-4-15. This will reta2in the proper
clearance angle on the underneath face of the
twist, as well 45 the correct cutting-edge angle.
Remove the same minimum amaunt of metal
from each of the two edees to keep them eqgual.

e Tom
SURFACE  RMAFICT

A
Lo~ Y CLEARANCE

2 p AHGLE
SUTTIHA SUGE

Figure 2-4-13,~Filing an auger bit,

ARNHRAL
IEVEL
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Use the end of the file having the safe edpe
to protect the adjacent surfaces from damage.
To sharpen the spur=z, file only oo the curved
ingide edge =0 as to maintain the full Samet=r
of the bit. See fipure 2-4-16.

Figure 2-4-16.—8harpenins the spurs gfanauger
hit.

For exceptionaily fine work, whet the cutting
edges of the Wit with a small, fire stone, pre-
ferably an auger bit stone, to improve the file
sharpening already done. Figure 2-4-17 shows
soms types of stones which can be used,

To sharpen or repair damage done to the
tapered feed serew of the auger bit, use elther
an anger bit file or a triangular file, As the
feed serew camnot be replaced, and an auger
bit wsually {5 worthless without the feed serew,
file it as litile as possible —just shoueh to make
it usable. Ceoarse feed screws are, of course,
easier to sharpen than those with fine threads.

STONE

Figure Z-2-17,~—Stones used for whebting cottine
edees of an auger bit,

In sharpening this screw, follow the original
twist and threzd pattern, removing the small
nleles and sharpening the erest or top of the
spiral thread. Rather than risk damaging the
feed screw when large nichs are present, just
fouch up the rough edees of the nickaa they will
ngt tear fhe fibers of the wood when 2 hole is
bored. A large mick treated in this way will put
back into service a bit which otherwise might
have to be surveyed. See figpure 2-4-13.

Figure 2-4-18.--Bharpenine an auger bit feed
SCTEW,

SHARPENING AN EXPANSIVE BIT

To sharpen an expansive bit, sharpen the
fzed screw just as you would for an auger bit.
Thiz will be necessary anly if the screw has
been damaged by striking nails ¢r being dropped
on 2 hard surface, The three edzes of the it
which normally require sharpening are identi-
fied In flgure 2-4-19 as blade spur, blade-
cutting edge, and body-culting edge. An ex-
pangive bit may also have a beddy spur which
would be sharpened as an auger bit spur is
gharpensd,

To sharpen the cutting =dre of the blade, re-
move the blade from the body and boeld it in the
vide a3 shown in figure 2-4-Z04. The remov-
able soft jaws will profeet the blade from damg-
age. Uszing an auger bit file, file toward the
cutting edge, Maintain angle A by filing the an-
tire surface behind the eviting edge. Note that
in figure 2-2-20A the file is In roemtact with the
entire surface.

Ag filing progresses, a burr will form along
the blade-cutting edge on the hollow face of the

BLADE é BODY
GUTTING
EDGE

CUTTING
EDGE

Flgure 2-4-19,—~Points to be sharpened on zn
expanaive bit,
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plade, EBemove this witharound edze slip stone,
holding the blade in one hapd and the stone in
the other, Ses figure 2-4-20.

To sharpen the spur, while the blade i3 in
the wise, proceed as you would to gharpen the
gpur or an anger Lit. This is illustraked in
ficure 2-4-1R,

To sharpen the body-cufting edze, first note
{ts eutting-edge angle and its clearancs angle
shown in figure 2-4-21A.

Maintain this original shape to provide
sirength behind the cutting edge, File toward
the cutting edge, steadyins the bit cn the edge
af the bench 45 shown In fipure 2-4-21B.

A burr will form on the side oppoaite the
one you have filed. To remove this burr, hald
the it as shown in figure 2-4-21C and file
toward the cutiing edge, holding the file flat
an the surface of the metal behind the culting
edge.

BORING THROUGH HOLES IN WOOD

To bore a through hole in wood withan auger
bit, first select the proper fit. Note the fizure
stamped on or near the square tang. This fig-
yre indicatea the size, in 16tha of aninch, of the
hole that the bit will bore. See figure 2-4-22.

To chuck the bit, hold the shell of the chuek
{fic, 2-4-233) as you turn the handle ta open
the jaws. When the ]Jaws are apart far enough
to take the sguare tang cof the bit, insert it

BLADE SPLR
FILE

REMIUARLE
7 SOFT JANS

FROMT
JEW OF ¥ISE

@

ACUNE EOGE
SLIP STOME

REMOQWE BURR

Figure 2-3-20,—Shampening the cutting blade of
an aXxpansive bit.
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(flg. 2-4-23B] until the end seats in the square
driving socket at the bottom of the chuck. Then
tighten the chuck by turning the handle fo cloge
the jaws and hold the bit in place.

With a chuck having no driving socket (a
square hole which 1s visible if you lock directly
into the chuckj, additional care must be taken
to seat and center the corners of the tapered
shank in the V grooves of the cimck jaws. See
fimre 2-24-23C. In this type of chuck the jaws
gerve to hold the bit in the center and o pre-
vent it from coming out of the chuck.

_ After placing the point of the fead screw at
the lgeation of the center of the hole you will
pore, steady the brace agaimst your body, if
oossiile, with the auger hit square with the
surface of the work

To bore a horizomial hole in stock held in
the bench wvise, hold the nead of the brace with
one hand, stsadying it against your hody, while
turning the handle with the other hand. Serap
stock behind the job will preveot splintering.
See fipure 2-4-24,

When it i naot possible fo wmake a full turn
with the handle of the bit brace, turn the cam
ring, shown in figure 2-4-23a, clockwise until
it stops. This will ralse gne of the two ratchet
pawls affording clockwise ratchet action for
rotating the bit. For countercloclkwise ratchet
action, furn the cam ring counterclockwise as
far as it will ga.

o hore 2 vertieal hole in stock held ina
heneh vise, hold the brace and bit perpendicular
to the surface of the work. Placing a fry¥square
near the hit, altarnately in the two positicns
shown in tioure 2-2-23, will help you sight it in,

Another way to bore a through hale without
splitting sut on the opposite face [s to reverse
the bit cne or itwo trnzs when the feed screw
just becomes visible through thiz opposite face
{fig. 2-4.264). . Thigs will release the bit. He-
mave the bif while pulling it up and turning it
clockwise. This will remove the loose chips
from the hole. Finish the hele by boring from
the oppositz face. Thiz will ramove the re-
mainine material which is usually in the form
of a wooden disk held fast to the feed screw.
Sen figure 2-3-268.

Tz bore through holes with an expansive
hit, wou must first elamp a piece of scrap
stock behind the job as shown in figure 2-%-27.
Then bore through the job and intos the scrap
gtock a few fupns, thues leaving a eledan cut on
the job itself, This method is, of course, alsa
satisfactory when using auger bits. However,
boring from boih faces, as shown in figurs
2.4 26 with an auger bif, does noft work well
with an expansive it

BOAING HOLES Ty WaoD TO
A REQUIRED DEPTH

Ta bore 2 ooie to a certain depth, espacially
whan several hnles of the same depthare needed,
use a bit gage. This roal, shown in figure 2-4-
29, wirl 7t auzer bitsupto Lipch and is clampsd



oo the bit as shown, When the two flats on the
botiore of the gage come inio contact with the
gurface of the bpard into which the hole is
being bored, the feed serew canmot functicon,
The hole will remain at that particular depth
even thoosh the Lit is kept hoodng, The depth

getting will be the distance the gaze flatg are
set from the cutting edees of the bit.

Bafy
CUTTNG poey

[ ]

=}

i IRl

RO,
{00 &

Figure 2-4-22,-5ize markings on auger bits.
EDGE OF BEMECH

Figure 2-4-21,~5harpening the body cwtting edge of anexpanaive hit.

- A Block. of wood, with a hole bored length-
wise through it, can be used as a depth page.
Cut the block to whatever length will provide
the desired depth seftting, See figure Z-4.29
on how to use it.

To bore a hole to a given depth without any
Aype of gage, turn the bit until the euiting edees
just sfart to eut. Then measure the distance,
with your rule, from the surface of the wood fo
the bottom face of the chuck. As you bore the
hale, this measvurement will decrease. The
amount of decrease {5 the depth of the hole, As
an example, if the initial measurement was 5
inches, and after baring for several turns ofthe
auger bit the measurement is 4 inchas, the hole
will be 1 inch deen. {See fieure 2-4-30 [A and
Bl.)

When accuracy is not important, you can
measure from the rcutting edges of the hit 2
distanee equal tg the reguired depth of the hole
and put a mark on the twist of the bit. Baore
the bheole until fthis mark, which might we a

crayon or pencil mark, reaches the surface of
the wood, A piece of frietion or scotch fape
will serve as 4 marker, too, (See figure 2-4_
30C.) These latter two methods of boring a
hale to a certain depth are used when only one
hole is to be hored.to that depth.

To bore a deep hole, chuek azn auger bit in
an auger-oit extensfon and chuck the auger-bit
extensicn in the it brace.

The effective length of the auger bit will be
increased by about the lengih of the extensivn,
thus enabling you to bore overhead holes, holes

. which are located so that the bit andbrace alone

could not reach them, and deeg holes. Note
that the minimum-sire hole that the axtension
itself will fallow into is the diameter af the
chuck plus some clearance, (See flFpure 2-4-
3l.} This Umits its use in boring deep holes
to that size or larger, but does not limit its
usg if boring in hard-to-reach places. If the
exvengicn 15 not to follow into the hale, # mazv
he used with smaller bits, The auger-bit gx-
tension i3 not designed to handle sizes larger
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thap 1" which take more hrrning force thanp it
will stand. (See firure 2-4-31.}

V-ERCOVES

Figure ?-%-25,—Methed of sightlng in for per-
pendleular hole,

Figure Z-4-25,—Baring a through hole by re-
Figure 2-4-23.-Placing an auger bit ina chuck, veraing diraction.

SCAAP
LUMBER

ACRAP STOCK
BEMGH TGF

Flgure 2-4-24,—Using scrap lumber to prevent
splintering when boring.

DRILLING HOLES WITH A
TWIST DRILL

an erdinary twist drill may be used to drill
holes in wood. Select a fwist drill of the alze
required and secure it in the chuck of & power-

or hand-operated deill, Figure 2-4-27.—Drilling a fhrough hole with an
In figure 2-4-32 the twist drill has be¢n expansion Lit.

chuclked in the chuck of a drill presa. MNotice

that the job is secured to the table of the drill _ DERTH SETTING —,

presa with a pair af C-glamps. Beneath tha
job fa a bleek of wood. In drilline through
wond, a Backup block ig used to ensure a alpan R i .- ary
hole af the hottom of the job. ' GAGE FLAT}
CUTTIHG EDGE

Fizure 2-4-28_ - Boring a hole using a bif gage,
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Figure 2-4-29,-Tsing a3 blogk o wood as a
depth gage,

Fignre 2-4.30.—Boring a hole to & given depth
withouk 4 gage.

BUGER ENT AJGER BIT PATENSION

TANG CHUCE TANT FHUCY

Fipore 2-4-31_ ~Using an auger bit extension,

Figure 2-4-32,—Drilting a hole in wood with a
twist driil,

An electriec hand drill seelired fn oa drill
stand will serve in a Hmited wav to take the
plzce of a2 drill press. However, only the one
speed iz available and must be used for small
and la-gze ftwist drills alike., Whed the elec-
tric drill is used in 2 drill stapd, rather than
offhand, less effort is neecsssary to feed the

drill into the metal. Alsqg, beczuse Fhe driil is
rigidly mounted, less drill breakage i= fo he
expecied.  In additton, holes will be drilled ar
right anrles o the surfasa of the work in sither
the drill stand or the drill press more easily
than if the electric drill iz held by hand.

Figure 2-4-32 shows a hole being drilled
with a Bresst dreill. Turn the crank handie
with one hand as vou hold the side haodle with
the other hand. This will steady the hreast
drill while feed pressure i5 apulied by resting
your chest on the breast plate shown in figure
2-4.33. Matice, in ffgure 2-4-33, thatthe brazst
drill has a high or a low speed availahle, ac-
cording to the sefting of the speed selector nut.
When dritling a horizontal hole, apply feed
pressure by resting your bodyagainst thebreast
plate.

'\.‘-'.-:.?'ﬂ\
[

Figure Z2-4-33.-Drilling = hole with a breast
drill,

In drilling a horizomntal heole with the hand
drill shown in figure 2-4-34, gparate the crank
with the rizht hand and with the left hand guide
the drill by holding the handle which is cpposzite
the chusk end of the drill. t additional feed
oressure, if mecessary, by cargfully Ieaning
against the hand drill with vour bods.

-107-



Figure 2-4-34.—Drillinz a hole withahand drill.

DRILLING HOLES WITH A
HpUsH DRILL

Figure 2-4-15A shows the Stanley ‘‘ Yankee™
autamatic driil which is often called a ‘‘push’’
drill. This drill can be used to drill either
horizenkal or vertical holes when the agcuracy
of the right angle with the work is not critical.

The drill peint wsed in push drills {fig. 2-4-
35P) is a straight flute drill. Sharpen its point
on the grinder and provide only slight clear-
ance behind the cutting edge: It @il drlll
holes in wood and other soft materials.

To select a drill for wse in a push drill,
hold the hkandle of the drill in one hand and re-
lea=e the magazine by burning the kmarled
screw as ahown in figpre 2-4.36A.  This will
permit you ta drop the magazine, Figure 2.4-
358 shows the drill magazine lowered to ex-
pose the drills from which the proper size can
he selected.

Firure 2-4-36.—3slectlng a drill for uge In a
push drill.

To chuck the drill, lgosen the chuck savaral
turns and ipsert the drill as far as it will oo,
Turn the drill until it seats inthe driving sacket
in the botfam of the chuclk  Then tighten the
cluck to hnld the drill in place, See figure 2-4-
J6C. :

Fizure

Ta drill 3 vertical hole with thia drill (Fig.
2-4-3T4), place the job oo a flat surfaee and
operate the push drill with alternate strokes up
and down, ¥ it iz necessary to hold the work in
place while it ig belng drilled, use gome me-
chanleal means If you cann [ you muat haold
the job with your hand, grasp the material as
far a3 possible from where the drill is drilling.

In drilling horizontal holes with the push
drill, as In figure 2-4-3T7TH, secure the jobh ina
vize, The back-and-forth strokes rotatz the
drill, advaneing It Into the work on the forward
gtroke aa the drilling proceeds. The index
finger, extended alopg the body of the tool, will
help guide the drilling at right aneles to the
wWork,

Figure 2-4-37.—=Drilling horizootal apd vertical
holes with a push drill,

DRILLIMNG FOLES FOR WCOOD SCREWS

Tao drill 2 hole for a wood serew which is
uged to hold Bwo pieces of hard wood together,
ag shown in flpure 2-£-38, bwo different sized
hales are usually necessary. The wood screw
simply passes through the hole in the top piece
and the threads taks hald in the bottom piece,

2-4.33,=Using 2 screw to hold bwo
pleces of waod together.

Il this case, drill the bady hole, as shown
in ficure 2-4.39, completely through the top
piece, MNotice in figure 2-4-39 that the paint af
the body drill has just entered the batiom pisce.
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BOOY HOLE COUNTER Sthx HOLE

e

STARTER HOQLE =i

Figure 2-4-19,—=8hape of hole for a wood serew.

Then drill the “‘starter’™ hole which is the
root dizmeter {or a2 little less} of the wood
serew and therefare somewhat simaller than
the body hole. Insert the starfer drill through
the body hole and continue the drilling with the
body hole a=s a guide. M a flathesd wood scraw
cr oval-head wood screw 15 to beused, counter -
sink the body hole as shown. (Refer to fig,
2-4-43 on how to countersink holes in wood.)

Select the drill sizes aceording to the di-
mensiong of the wood screw, The names of
these dimensions are given in firure 2-4-40,

poDY

RQT BooY
DIAMETEA DIAMETER

|-<— LENGTH 4a-|

Figure 2-4-40,—Nomenclature of a wood sorew.

pa—— LENGTH
FLAT HEAD

pe——LENGTH
Oval HEAD

Figure 2Z-4-41.—Types of wood screws.

Figure 2-4-41 shows the three most com-
mon types of wood sSerews.  Notice that the
lengih 15 always measured Irom the point to
the zreatest diameter of the head. As 2 zen-
gral rule, the lemzth of the wood fcrew should
be such that the bedy shown n figure 2-4-40
extends through the piece being serewed down
so that the threaded portion will then enter
the pigce of wood benegath it

Determine the size of the body hele bty hald-
ing the body of the screw in frontof the gradua—
tions on a rule and faking a2 reading, Then
determine the size of the root diameter hole
by wusing the same method and messuring at
about the middle of the threaded portion of the
serew. Neither of these measurements is crit-
ical. Another way to find out what size drills
to use for the body hole and the starter haole,
when you ¥now the size aoomber of the word
sorew vou are using, is to reler to the chart
shomenr in ffgure 2-4-42, To do this, find the
proper-column according to the size number of
the serew, such as Mo, 14 for instance, Head-
ing down the column you will find thatthe decimal
diameter of its shank is 0.242°', or 15/B47
stated in a common fraction. You will also find
the the body hole should be dridled with 3 1/4
twist drill or bored with a Mo, 4 auger hit, and
that the starter hole should be drilled with a
5732 twist drill. Where no Hgure 15 piven in
the chart for Wbit size, use the recommended
twist drill size. A Mo, ¢ auger Wit s the
smallest size (1/4') generally available, Be-
canse a MNo. 1 screw 15 s0 small, no starter
haole is reguired and tharefore oo drill or bit
sizes aTe eiven.

COUNTERSIMNEING HOLES IV WOOD

To countersink = hole inwood, use 2 countar-
gink, three tyvpes of which are shown in fiore
2-4-43, Any one of these will do the job. Turn
the countersink at slow spesd to ensure 2 smaooth
surface on the countersunk portion of the hole

Countersink deeply enoush 5o that the rmajor
diametezr of the screwhead is at or just slightly
below the surface of fhe work. Filoure 2-4-44
ghows ooe way of determining the proper degih
of the countersimk portion of the hole. If many
holes are to be countersunk on the drill press,
get the depth stop when tha proper setfing has
been determined,

USING WOOD CHISELS

A wood chisel should always be held with
the flat side or back of the chisel against the

work for smoothing and firishinp cuts, When- .

ever possible, {f should nof be pushed straight
through an opening, but should be moved later-
ally af the same time that it {5 pushed forward.
This method ensures a shearing cut, which with
care, Wil produce a smooth and even surface
even whan the work is cross-grained. Onrousgh
work, use a hammer or mallet to drive the
socket-type chisel.

Cn fine work, use your hand as the driving
power on tang-type chisels. For rough cuis,
tire bevel sdge of the chisel is held against the
work, ‘Whenever possible, other tools such as
gaws and planes should be used [0 remove ag
muech of the waste as possible, and the chisel
usaed for finishing purposes only.

There are 3 few basie precautions that vou
shoutd observe af all times when using xchisel
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DRILL AND AUGER BIT SIZES FOR WQOOD SCREWS

SCREW SIZE NUMBER| 11213458 (7]8l9|1ol12[14][16]18
Loraoasogal 12 125[12358] 15145477 ,1904.216.‘24@.255-2‘34

BODY DIAMETER zal32|32|54| 5 | 54| 3264 54| 16|32| 64 64, 64
N EAENEA RN EN EN N N A R Rk

BODY |DRILL SIZE | 3313z |24 |%4| 8 |6w;52|64| 15| 16[ 32| 4 | 64| 64 |
HOLE | g7 siZ€ alal8|5
RS ERERIEREER R ER RN RE]

STARTER|DRILL SIZE| |7s)7e|d\sa|22|64]64| 8 | B |64]32] 15|64
HOLE | BIT SIZE 4 | | 4

Fizure 2-1-42. _Drill and auger bit sizes for wood screw.

HAND 0GR
POWER DRIVEMN

TWO-LIFPED

Figure 2—4-43.~T}‘pe5.0f wood countersinks.

4. Secure work so that it cannat move.,

b. HKeep both hands back of the cutting edge
at all times.

¢. Do not start a cut on a guideline. Start
slightly away from it, so that there iz 2 small
ameunt of material io be removed by the finish-
ing cuts.

d. When starting a cut, alwarys chisel away
from fhe quideline tcward the waste wood, S0
that no splitting will cceur at the edee.

g, Never cut towards yourself with a chisel.

f, Malke the =havings Ehin, especially when
finishing.

g. Examine the grain of the wood to =ee
which way it runs., Cut with the grain. This
severs the fibers and leaves the wood smooth.
Cutting against the grain splits the wood and
leaves it rough. Thiz brpe of cut cannot be
conrrolled,

CHISELING HORIZONTALLY WITH
THE GRATN

To ehisel horizeontally with the grain, oTasp
the chise! handle in one hanpd with the toumob
pxianded towards the blade (fiz., 2-4-45%. The
cut is controlled. by holding the blade firmly
with the other hand, muckles up and the hand
well back of the curfing edge. The hand an
the chisel handle is used to forece the chisel

Figure 2414 —~Checking nountersink portion oF
hale for size.

intg the wood. The ather hand pressing down-
ward on the chisel blade regulates the lengthand
depth of the cut.

The chisel will cut move easily and leaves
a smoather surface when the cutting edge 1s
held at 2 slicht dizgonzl to the direction of the

=t

LEFT HAND
GUIOES CUTTING

SEVEL SIDE aCnw
FON BOUGHING EUT

LEWEL SIOE UP
FOR SMOCTHING CUT

THUME AMD
FIMGENS CF
{ LEFT HaMD
GLIGE CUTTING
SOGE AMD AT A%
BRALE

¥ i gﬁfgf? b :
L o w2 A

"ro avoig DUNTETIMG SJAMELS
Whes CHigTlpes SCI065 GAAN CJT
AaFwar Tt DAl EDGE QW ARD CENTER

Figure 2-4-a3 - Chiseling porizontaily across
the graip,
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cut, or is given a slight lateral sliding mofion,
This is done By helding the tool at 2 slight
angle and meoving it to one side as it ispushed
forward, or Dy movlng it siightly frem Leff to
right 4t the same time vou push it forward,
With crosg-grained wood, it is necesszary to
work from bath directions to avoid splitting the
wood at the edges. Do not hurry, Cut only fine
shawvings. I thick shavings are cut, the tool
may dig in and split off a plece of wood which
was never intended to he removed.

CHISELING HORIZONTALLY ACROSS
THE GRAIN

Te chissl horizontally acroess the grain, hold
the work so thaf it doss not move. Remoave
most of the waste wood by using the chisel with
the bevel held down. On lirht work, use hand
pressure or light blows on the end of the chisel
hapdle with the palm af the righthand. On heavy
wprk, use a mallet. To avoid splitting at the
edges, cut from each edge {o the center and
zlightly upward =o that the waste wood at the
penter is removed last (fig. 2-4-45). hiake
finishing cufts with the fIat side of the chisel
down. Never use a mallgt when making finizh-
Ing cuts, even on large work One-hand pres-
qure [s zll that is necessary o drive the chisel
which is guided by the thumb and forefinger of
the other hand. Finish guts shouldalsobe made
fromm each edge toward the ceater. Do not cut
a1l the way ocross from one edge to the other
ar the far edge mav split,

FHISELLYG DIAGONALLY ACROSS
THE GRAIN

To chisel diagonally across the grain, such
ag rpaking a strazight slanting corner, remove
a2z much waste wood as possible with a saw.
(See flg, 2-4-46.) Hold the work so the guide-
yne is horizontal, Use the ehigel ag in eutfing
horizontally with the grain. R is necessary to
phigel with the grain and te hald the chizel so
thoat the cutting edge is slightly diagonal to the
direction of the cut.

CHAMFPIERING WITH A CHISEL

A chamfer is made by cutting off and latten-
{ng the sharp corner which exists between two
gurfaces which are at right angles to each other.
A plaln chamier runs the full length of the edge
and !5 usually made with a plane, A& stopued
chamier does not run the full length of the sdge.
It o stopped chamifer is long enough, part of it
can be plared and the endsfinished witha chisel.
2 short stopped chamfer must be made entirely
with 2 chisel. A chamisr (s usoally made
symmetrically at 457%  Mark guidelines with a
pencil; the guidelines for a 43" chamier will ba
the same distance back from the edges on both
gsurfaces of the wood (fig, 2-£-47],

Figure 2-4-46,-Chiseling diagonally across the
Erain.

['" "

CHAMFER LaiD CUT

WSE ZHISEL wITH
BEVEL DOwWH

USE SHEARIMG
CUT wiTH
BEVEL WP

Figure 2-4-47.—Chamfering with a chisel.

NOTE: Do not use 2 marldng gage,
scratch awl, or knife fo make guidelines,
gince they lezve marks in the wood which
are difficult to remove.

To cut a stopped chatnfer, hold the chizel with
the edege parallel to the slope of the chamfer
and eut with the grain as in ardipary horizontal
paring. Begin at the ends and work toward the
center., The ends of a chamfer may be either
fTat ar curved, If fat, use the chisel with the
bevel up. I curved, keep the bevel down when
cutting,

CHISELTNG A ROUND CORNER

To cut a round corner on the end of a plece
aof wood, IHirst lay out the work and remove as
much waste as passible with a saw (fg. Z2-4-46).
T'sa the chisel with the bevel side down fo make
a2 series of straight cuts tangent to the curve,
Move chisel sideways across the work as if is
maved forward, Finish curve by paring with
the level side wp. Convex curves are cut im the
BArle Mmanher as a round corner,

CLUITING A CONCAVE CURVE

When cutting a concave curve with a chisel,
remove mast of the wasie wood with a coping
SEW Or a compass saw, Smoqih and finksh the
curve by chiseling (fig. 2-4-48) with the grain,
kalding the chizel with the hevel side dovn. Uss
one hand to hold the chisel against the work.
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Press down on the chisel with the other hand,
and, at the same time, draw back on the handle
tn drive the cutting edge in 4 swegning gure.
Care must be used to take only light ewts or
the wark may become damaged.

CORMER
I E KD
Laig AUt

FIrgH oy
FARING WITH
JEWEL UP

HOwD SEWEL EIOE OF
CHISA AQMMET wIAK

TUT FAOw @dTH SkD5
aOF CURYE P sin
siGbaE

wops wite GEalH
FAOM. BDOFE
TORFAID EHO

Firure 2-4-48 --Chiseling corpers and curves,

VERTICAL CHIFELING

Vertical chiseling (fig, 2-4-49) means cutting
af right anglestothe surface of the wood which is
harizental, Usually it involves cutting across
the wood fiter, as in chiseling out the ends of a
martise or making a Fain oo stopped dado jolnts.
When wvertically chissling across the grain, a
mallet may be used to drive the chizel. A
mallet is necessary when chiseling hacdwood
Tae a shearing cut in putting across the grain.

=

-3
- =

Fizure 2-4-28.—Vertigal chiselinr,

Alwavs cut with the Zrain whenever possible,
50 that the wasie wood will easily sphit away
from the guidemiarks. When chlseling an the
ends of wood, remove 2s much wasta woed as

possible with a saw. Cbserve direction of grain
and start to cut st an edge to avold aplitting the
wood, e 3 shearing cut and make the shav-
inga thin. Thin shavings can be made without
fhe use of a mallet. Grasp the handle of the
chizel in one hand with the thumb presaing down
ocn top of the handls, as shown in flgure 2-4-49,
Use the ofner nand bo guide the tgel, and to like-
wize supply some of the driving force i much
pregaure i3 required to do the job.

GRINDING AND FILING OFEEATIONS

To keep hand togls in the best wsable condi-
tlon, cutting gdzes must be sharpenad frequently
and certain other teals trued or shaped for
special purposes. Chisels, punches, drills,
tinsnips, serewdrivers, and other handiogolsare
zhaped or sharpened on an abrasive grinding
whael,

Grinding may be defined as the act cf shaping
or wearing dowm a surface or sharpening an
edee by means of the cutting action of thouzands
of abrasive grains on the surface of the grind-
inz wheel. Excessive grinding shoriens the
ugeful lifs of a tool. .

ADRASIVE WHEELS

In any grinding cperation, the selectionofthe
proper abrasive wheells afprimary importance,
Selecticn of the right wheel involves such fac-
tors as the material of the wheel, the maierial
of the work, the amaount af material to be re-
moved from the work, and the nabire of tie
finish reguired. '

COMPOSITION

The abrasives are held together by a bond-
ing agent. The strength with which the bonding
agent holds the abrasive grains is Imown as the
grade. Grade might also be described as the
relative hardness of the wheel. The rrade has
considerable effect upon the grinding charae-
teristics of a3 wheel. Spaces bebween grains
{structure)} alsa affect the result; ifthese spaces
are too small, they may become clogged with
metal particles from the work;.and the wheel
heromes “‘loaded.’” A loaded wheel will not
grind properly and is likely to mar the work
surface,

The standard markings given to grinding
wheels by their manufactursrs consist of a
sequence of symbols. See fig. 2-5-1,

1. &brasive type. The letter C is used for
gilicon carbide, and the letter A for aluminurg
oxide.

2. Gpain size. The series 10, 12, 14 16,
20, 24, 30, 36, 16, 34, 60, 70, 80, 90, 100, 120,
150, 180, and 220 is commanly gged, with the
low pumbers representing coarse grain and the
high opes 2 very Ine grain size. A manufae-



. Abrasive LTpe

b

. Grain size

1. Grede_ . ; '

& Swucture_

5. Bond tepe

6. Mepufarturer’s recard

Flgure 2-5-1.~5tandard markings given to
grinding whecls,

turer may add a number and additional symbal

to  indicate a specizl grain combination for

special purpose grinding.

d. Grade, This is indicated hy a letter of
the alphabel, A to Z—saft to hard,

4. Structure. TUse of a structure symbol is
optiooal. The general range is from 1 to 15,
with the higher numbers indicating less density
and wider grain spacing,

5. Bond type. These are indicated as fol-
lows: V, witrified; E, shellac or elastic; §, =il-
fcate; B, rubber; B, resinoid; O, oxyehloride,

6, Manufacturer's reeord, The symbol
used here has reference to the manufacturer's
factory records.

Although the markings given above are
standardized, it iz pevertheless a fact that
wheels with identical markines may have dif-
ferent grinding actions {f thev are the oulput of
different manufacturers. This {5 an important

point to Bear in mind when it becomes neses-
Zary to roaplace a wheel,

Typical wheels required oy sharpening cut-
ters and for other types of grioding are {Ilus-
Readlnr from left to
{1} for

trated in figure 2-5-2.
right the wheels are used as follows:

cutting gff Siellite, hich-speed toal steel, tub-
ing, ete.; {2} for grinding end mills, steazered
tooth  slotting cutters, reamers; (3] for ew
Undrieal as well as surface grindings: (4) for
face mills; (G} the straight cup, for flat form-
Ing tools such as lathe and planer cutter bits:
{6) for internal grinding; (7) the flaring cun, for
face and end rmills, helical mills, slotting cut-
ters, reamers; (8] for internal grinding; (9) the
dished wheel, for gear cutters, formed cutters,
taps.

STORAGE

Proper inspection and proper storage of
grindine wheels are Important. Whesls should
be carefully inspected as =soon as they aze e~
ceived, since there i= always a possibility of
the wheel being damared in transit, To inspect
for eracks, suspend the whee! and then tap it
with some light implement, =uch as the wooden
handle of a2 serewdriver. In doing this, make
sure that the wheels are dry and free from
sawdust. Vitrified and silicate wheels should
emit a elear, metallic ring; wheels of gther
bonds give a different type of ring.

The detection of any cracks in a wheel is
most important, When revolving at high speead,
a cracked wheel may fiy apzrt and cause sarious
injury.

Wheels should always be stored In a dry
place. To prevent any =hifting af the wheels,
u=ez pegs to suppart them in the storage racks.

DREIEING AN ABRASIVE WEEEL

An abrasive wheel pftengets ©' oot - of-round™
and the peripheral surface gets out of shape.
When this happens it is timetodressar frue the
whaeel.

4 dressing topl {5 provided for dressing an
abrasive wheel. The wheel dresser shown n

Ficure 2-3-2,~Twvpes of g»inding wheels.



figure 7-5-3 is the kind usvally found in most
shops and i5 very simple to use. MNolice that
the togol rest has been secured close to the
wheel. The "“feet' on the bottom of the dresser
rida on the tool rest and the cutfzrs touch the
wheel.

SAFETY Haun//_f:}.ﬁs_-
e
h‘-\-“""h N .

. WHEEL
URE3ISER

Fizure 2-3-3.—-Dressing an ahragive wheel with
a wheel dresser.

To dress the wheel, sfart the grinder and,
when the wheel is up to speed, move the handls
af the dresser ahead to bring the cublers inio
firm contact with the rotating wheel, Then
move the dresser back and forth acroasthe face
of the wheel untll the surface is clean and ap-
proximately souare with the sides. This is an
eye-hazardous operatian, WEAR YOUR
GOGGLES,

To dress the wheel wifh an abrasive stick,
rest the stick on the tool rest as shown o fig-
ure 2-5-4. When the wheel comes up to speed,

SAFETY OGO

Flrure 2-3-4.—Dressing an abrasive ‘wheel with
an zbrasive stiek,

hold the sticic arainst the rotating wheel firmly
enough [0 remove the lmbedded partielas from
the surface of the wheel, 3Mave the stick back
and forth across the Sace of the wheel unfil the
surfare iz clean and approximately squars with
the sides. This also {5 an eye-hazardovs oo-
eration. WEAR YOUR GOGGELES,

GRINDNG METAL STOCK

To grind a Straight sdge an metal stock

{fisure 2-3-3,) adjust the tool rest so that it
just clears the wheel anpd 15 approximately al
the ceater line of the =wheel. Then, keeping
the edze of the stock parallel with the center
line »f the grinder shaft, pass the stock acrozs
the farce of the wheel. Gripd agross the entire
width of the piece, using medivm pressure
which will keep the wheel cutting but will nct
appreciably decrease its speed. Grindingacross
the entire widih of the piece and the wheel wears
the wheel evenly and heios prevent overheating.

Flgure 2-3-7.—Grinding a straight edge on
metz] stock.

To grind 2 bevel an an edge, (Hgure 2-3-6)
hald the stock as shown so that it is resting
kath an the wheel apd on the edge of the tool
resi. The edge being ground 1s away frorn the
tpal rest and therefore is notliable toget causght
bebween the tool rest and the wheel. Pass the
gtock across the face of the wheel from left to
right just as ¥ou da when grinding a square
adre.

To grind a radius, set the tool rest at the
center line of the wheel. With one hand hold
the and of the stack being ground sothat you can

Fizure 2-3-8.—Grinding a bevel on metal stock,

move it fram leit o right, acrass the face of
the wheel, =25 shown by the amall double-headed
arrow in figure 2-3-7, and also hgld it down
firmly on the toal rest. With the other hand
swing the arc shown by the longer curved
double-headsd airrow ab rhe opposite end of the
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stoclk. The maotion indicated by the curved
arrow will produce the rounded edge on the
atoek. The travel indicared by the shortstraight
double-headed arrow will prevent the wearing
of a groove in toe wheel which would have to
be removed by dressing.

Figure 2-5-7.—Crinding a rounded edge an
metal stock,

DEESSTKRG TOOLS

The dressing of tools is an important part
of hand tool maintenance, Dressing generally
includes grinding the tools when they have be-
come dulled or out of shape, or shaping the
toodls for specific jobs, There ave same power
grinders that are designed especially for tool
grinding, However, these are oot readilyavall-
able 1n most small shops, There-
tore, most of the tool dressing operations must
he n:l-::ne by holding the tool o your hand and
grinding it with a bench grinder.

SHARPENING A CENTER FIUUNCH

To sharpen a center punch, eradle the end
of the punch between the index flinger and thumb
of one hand, as shown in figure 2-3-8, resting

- that kand on the toal rest of the grinder, Move

the pumch inkn light contact with the rotating
wheel of the grinder with the center line of the
punch forming about 2 43° angle with the face of
the wheel, This will give the approximate 20°
fncluded apele required for acenter punch. With
the thumb and index finger af the cther band
rotate the punch as shown by the direchional
arrow in figure Z2-5-8, THeep the point cool
by using only lizht pressure on the wheel and
by frequently dipping the punch in a canaf cool-
{nr water. Sharpen a priek-punch in the same

Figure 2-5-8.—~Dressing a center punch with a
beach grinder,

way with the exception that, siace the included
angle should be 30° rather than 90° the angle
between the cemter Moe of this puneh and the
wheel should he about 157,

DRESEMG A SCREWDERIVER TIP

To see how to dress the tipafa screwdriver,
refer to fipure 2-%-9. Figure 2-5-8, parts A
and B, are the front and side viewsof a common
serewdriver; 2-5-9 € and 2-5-9 D are the front
and side wiews of what is usually called an
electrician’'s screwdriver,

-

Figure 2-.5-8,--Shapes of gerewdrivers when
properly dressed,

Ta dress a common aerewdriver, dress the
5ides =g that the blade {s syrmumetrical inshapa.
With =lectricians’ screwdrivers, which are not
forged at the tip, and therefore do not have the
wide bilade that the eommon screwdriver has,
the width of the tip is determined by the diam-
eter of the stock from which the shank is made.

Then, on both types, sgquare off e end.
Check the squareness of the end by resting the
tip on the handle of a frysguare and roving the
shank of the screwdriver close to the blade of
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the square. If the blade anpd the shank appear
to be parallel, the tip is square. Hee figure
2-5-1

On the commoen serewdriver, grind the faces
of the blade so that they are parellel or nearly
parallel at the tip as shown at B and D in fipura
2_5_0. The thickmess of the blade at the tip
should be such that the Hp will just enter the
glat of the serews you intend to furn. Wikh such

Figure 2-5-10.—Checking the squarendss of the
end of a screwdriver.

a tip thickness, and tha sldes parallel or aearly
sn, the serewdriver will have the leasttendency
ko climb out of the screw slot when the screw
i3 being turned home.

The electrician’s screwdriver (or cabinet
serewdriver) shown in 2-5-5 D has been ground
by resting it flat against the grinding wheel. A
§-1nch wheel produces apout the right grind on
a serewdriver used for small screws. Hold the
blade high oo kthe circumferance of the wheel
and rest the shank on the tool rest, See fiplure
2-3-11.

When grinding a serewdriver, do nat let the
tip get toghot or the temper willbe drawn—over-
heating is discussed later in the section on
sharpening metal cutting chisels,

Fipure 2-53-11.~Grinding a screwdriver tip with
a bench zrinder.
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SHARPENING TIN SNIPS

To sharpen tin snips on a grinder, gpen the
gnins as shawn in Hgure 2-3-12, resting the
hlade on the tool rest. Hold the handlp of the
blzde being ground Ievel and the handle of fhe
nther hlade level ar slaating downward ab what-
ever angle ia neeessary to grind the cubting
edge to an incloded ansgls of 807 to 85°. Hpld-
ing the plade lightly zEainst the rotating wheesl,
mave if from left ko right across the faee of
the wheel. Sharpen first one hlade of the snips
and then the other. %While sharpening aneblade,
be careful to kesp the other blade from coming
into contact with the side of the wheel. Sharpen-
ing Hn snips regquires cloge and careful atten-
tion; improper techniques may result in wreck-
ing the snipE or even in sericus injury,

Flrure 2-3-12,~3harpening snips on a grinder,

GROFDING THE HEADS OF CHISELS

The mushroom head on the chizel shown in
figure 2-3-13P is very dangerous, When struck
with a hammer, chips may break off and injure
you or sthers,

Bemove the raggmed edses of such a head by
grinding them off. Qne way o do this is to hold
the head against fhe wheel as =hovwn in figure
Z-5-14.

Turn the chisel with one band as vou apply
pressure with the ather, Orind acroas the en-
tire face of the wheel to keen it flat. Tn Fficurs
2-3-13 A wou will s=¢ a properly ground head,
Keep it that way b¥ frequent grinding before it
beging to mushroom 25 shown in figvre 2-3-
13 8.

T RS

Figure 2-3-13.—Cqod apd bad sheoed
chissl heads,



Figure 2-5-14.—Grinding a rchisel head with a
bench grinder,

SHARPENING METAL CUTTING
CHIEETLS

Metal cuotting chisels, types of which are
shown in figure 2-5-15, are sharpened by grrind-
ing. These chisels are designed to cut cold
metal, and the cold chisel is the most commen
type. The general term “"cald chisel™ is often
used when referrieg o any one of the chisels
shown, The angle of £0° shown on the cold
ehisel in flgurs 2-3-16, is for a gereral-use
ecald chizel, Ingcreass this angle somewhat for
cutting harder metals and decrease it for those
that are =ofter,

To sharpen a2 metal-cutting chisel, hold the
chisel to the wheel, restine {t on the tool rest.
{See figurs 2-5-17.) Motice thatthe indexfinger,
curved beneath the chisel, rides against the front
edee of the tool rest. This affords good contral
of the chisel and will nelp you to grind a single,
agual bevel on each gide.

Figure 2-5-14 A shows a cold chisel ground
with a slight radius, and fizure 2-5-168 B shows
a straicht evttine edee. Both types ofedges are
used. The radius (flg. 2-5-18 4} is ground by
swingipz either end of the chisel slightly from
Ieft to richt as the two faces of the cutting edge
are being ground.

For shearing metal in a vise the chisel with
the straight edse may be befter, The chisel
with the slight radius will probably work better
when vou are outting metal on a ifl=t plale.

MNaotice, in figurs 2-5-17, that a container of
cpoling water iz pear the tool rest. Lef the
chisel rest onlvy lightly against the wheel when
grinding. Less heat will be developed and, be-
cause the speed of the wheel 5 reduced only
slightly, the zir currents ereated by the whael
will have the maximum cocling effect. If the
temperabere af the cgukting edge rises to the
point where the mefal begins to turn blu= in
color, the temmper has heen drawm, the cutting
edee has been softened, znd the edge will not
stapd up in wuse. The ruTiing adee will have o
be rebarrdened, drawn o the progper ternper
fhardness), and the sharpening continued. As
Iong &5 vou ¢an touch the cutting edze you are
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Firure 2-3-18,—Two common shapes of the
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grinding with your bare hand and keep it there,
gou are in ne danger of drawing the temper.
Mgtice that it i the temperature of the cutting
gdge that is important. This means the wvery
tip of the chisel where thebevelisbelng ground.
The chisel at a point an ineh ar less from the
eutting edge may be cool, while the cutting
adge itself turns blue from overheating. Cheelk
thiz carefully while grinding.

SHARPENING TWIST DRILLS

The following reguirements are of greatest
importance in twist-drill grinding: (1)equaland
correctly sized drill-point angles, (2) equal-
lengih cutting 1ips, (3} correct clearance behind
the cutting lips, and (4] correct chisel-edge
angle, All four ars equally irmportact when
grinding either a regular point (fig. 2-5-18]
which is used for general purposes, or a flat
point {fiz. 2-3-20] which is used for drilling
hard apod towgh materials.

DRILL POINT LIP CHISEL EDGE
ANGLE CLEARANCE GLE
ANGLE

CUTTING LIF

_ru :r_.‘.?JE'.
p L
yid
1 MARGIN
A B C

Fipre 2-5-19,-Cpecifications for grinding a
ragualar point twist Arill.

Y

CHIZEI
E0GE

LIF
GRILL FOINT CLEARANCE CHISEL ECGE
ANGLE AMNGLE ANGLE
LB
.
CHISEL
B C E

Fipure 2-5-20,—3pecifications for grinding a
flat point twist drill,

Figure 2-3-21 shows what is meant by the
twa halves, Al and A2, of the drill point angle,
as well as the two equal-length ecubting lips, L1
and L2.

Figure 2-3-22 shows a dril being cheoked
during grinding. The drill-point gage is being
hedd against the body of the drill 2nd has heen
brought down to where the gracduated edge ofthe
gage i5 in contact with cne cutting edge. In this

Fivure 2-5-21.—Halves and cotting lips of 2
twist drill.
way, both the drill-point anzle and the length of
the cutting edge (or lip} are checlked at the
game time, The process is repeated for the
othar side of the drill.

FiFurae 2-i-22.—Checking the drill point angle
. ar:u:l_ cufting edge.

Lip clearance behind the cutting lip at the
margin i3 determined by inspection. This
means that you look ab the drill point and ap-
proximate the lip-clearance angle (see fizs,
2 _5_198 apnd ?-5-20B), ar compare it to the
same angle that has been set updna protractor.
The lip-clearance angle is nobt necessarily a
definite angle, but must be withincertainlimits.
Notipe that in Sgure 2-3-19 B it ranges from
2% to 12° and that the rarce given {n PMlgure 2-3-
20 B i5 E” tg 9%, which overlaps the {irst range
spmewhat, Whatever angle in the ranze 1svsed,
however, lip clearance should be the same for
hoth cuttlng lips of the drill,

There must be lip clzarance tehind the en-
tire length of the cuttlng lip which extends fmom
the margin of the drill to the chisel edge. This
means that therz must ke relief’ behind the
cutting lip alang 1E5 enfire length,

Whereas the lip elearance at the margin is
mreasurad by inspection, as showninfigurss 2-3-
198 and 2-5-2035, lin clearancs at the other snd
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of the cutting lip {atthe chiseledye)is measarad
by inspection of the chisel-edge angle. The
clearznce behind the cuting lipat the chiseledge
is greater than at the margin. The chizel-edze
angle indicates how much clearance thereisbe-
hind the cutting lip where it meets the chisel
edge. A% wvou grind more clezrance behind the
gutting lip nezr the chisel edge, the chisel-edge
angle will get [arger,

For a rerular point, the chisel-sdge angle

can vary from 120°to 135° and the lip-clezrance -

angle can varv from ESto 12°. Ese figure 2-5-
19 again,

For a flat paoint, the chisel-edpe angle can
vary from I115° to 125° and the lp-clearance
angle from 6° to 8% See figure 2-3-230 again,
The greater the angles are in both cages, the
meTe lip plearance there willbe, and vice versa.

When lip clearance is heing “ground into’ z
drill, inspection of the lip-clezraznee angle
(shown at B in figs, 2-3-19 and 2-5-20) and of
the chizel-paint angle (shown zt C in #gs, 2-5-
10 and 2-5-20) will be your puide to the amount
of clearance you have ground into the drill be-
hind the cutting lip aleng its enfire length, The
grezter these angles are, the maore elearance
there will be behind their respective ends ofthe
cutting lip, Too much lip ¢learance, which
gecitrs when both the Ip-elearance angle and
the chisel-edge angle excoced thelr top limits,
weakens the cutiing edge or lip by remowving
too much metal directly behind it. Too Iittle or
no lip zlearance, prevents the cuttine edee from
producing a chip, or cwtfing, and the drill will
not drill a hiols.

Ta SHARPEN TWIST DRILLS, first get the
grinder ready. If necessary, dress the face of
the wheel 3o that it is clean, a true circle, and
square with fthe sides. Eefore starfing the
grinder, readjust the tool rest tp 1/16°F or less
from the faere of the wheel, This is an {m-
porfant =safety measure which will help keep
work from wedging between the too! rest and
the farce of the wheel. '

Fipure 2-5-23,—Grinding a twist drill
with 4 grinder,

Mow, start the grinder and when it has come
s to speed, hold the twist drill as shown in

figure 2-3-23A. which is 5 top view of the first
step in grinding a drill. The axis of the drilt,
in the first step, showld make an angle of about
58° (half of the drill-peint angle in fig, 2-3-
23A) with the face of the wheel, The cutting
1ip should be horizontal.

Figure 2-3-24 is5 an acfual photograph, sids
view, of the same drill position wkich is shown
in fizure 2-5-23A.

The aetuzal gricding of the drill point con-
5ists of three definite motions of the shank of
the d=ill while the polkt is held lizghily against
the rotating wheel, These three motions are:
(L) to the left, (2} clockwise rotatinn, (3] down-
ward,

Figure 2-9-~23 shows the metion to the left
in three wiews as the=ncle befween the face of
the wheel and the drill deereases from about
39" to about 307

In figure 2-5-23 the rloclwise rofation is
Indicated Ty the advanee of the rofation arrows
in &, B, and €. Fotafion is also pictured by
the change in position of the cutting lip as well
as fhat af the tang.

Begause - ficure 2-3-23 is a top view, the
third {downward) motion is notnoticeabls. How-
ever, all three motions are apparent wher an

Figure 2-3-24.~Grinding a twist d=ill =~
with 3 gripder.

drill in figure 2-3-23 15 comparec to the initial
position in ficure 2-3-24. All threg motions
taking place at the Ssame time combine o pro-
duce the Important reouiremenis mentioned
before {1} equal and ¢orrectly sized drill-paint
angles (2) eoual-lenzih cutting lips, (3] correct
clearatiee hehind the cutting lips, and ($lcorrect
chisel-edze angle. Checking by means ofadrill-
point gage, frures Z-5-32 and by inspesiionwill
show when these fodr requirements have been
met,
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Fimre 2-3-29,—Crinding a bwist drill
with 3 grinder.

SHARPENDH: & TWIST DRILL FOR
DRI LING ERASS

To grind a drill for drilling brass (fig. 2-5-26
A) hold the cutting 1ip against the right side of the
whael ag shown i [igure 2-3-26 8. Grinding the
fute slichtly flat, in line with the axis of the drill,
greatly reduces the Included angle of the cutbing
Yig. This will give the dArill a scraping action,
necessary [or brass, rather than the cuttingac-
tion used for steel, This scraping action will
prevent the tendency, that invariably occurs with
drills not ground for brass, ta stick 1o the hole
Being drilled. This sticking is troublesome es-
pectally when drilling through a pilathole.

Figure 2-5-26,—=Grinding a Twist drilt
focr brass,

THINNING THE WER OF A
TWIST DEILL

Repeated sharpening, which shoriens he
dyill, or the Fact that the remaining leongin of
a broken drill has been rezharcensd, results
in ap increase in the weh thickness ar the point,
This rav require web thicning, Corvect web
thinning, when it becomes nezcassary, i§ Im-

cartant for sarisfacropy drilling.

To thin the web of a drill, hold the driil
[irhtly to the face of @ round-faced wheel, as
shown in figure 2-3-27a, thinning the web for
a short distance behind the eutting lip and into
the flutes. This is shown in flgure 2-3-27R.
Matice that the culting lip is actwally (but only
slightlv) ground back, reducing its included
angle oniy a very liitle and oot enough o affect
ihe aperation of the drill.

Figure 2-3-27.—Thinning the weh af a
fwist drill,

SHARPENING TWIST DRILL BY
MACHINE

Sharpening a Eaist drill by hand 1= a skill
that i¥ masgtered only after much practlce and
pareful attenticn to the details. Therefore,
whenevar possible, use a tool grinder in which
the drills can be properly positioned, clamped
in place and set with precision for the various
angles. This machine grinding (fiz. 2-3-28)
will epable vou to sharpen the drillsaccurately.
As a result, they will last lonzer and will pra-
duce more aceurales holes.

Whether you are sharpening a drill by hand
or by machine, it is very necessary that ths
temperature at the point be kept down. AS the
point gets hot, it approaches the femperature
at which the termper of the steel will be drawn,
To draw the temper mezns o remove the hard-
nRSs.

Figures 2-3-23.~5hargzening a vvist drill
with a fgol grindzr.
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Kaap the point cool emourh 1o he held in
your bare hand, Tho this by making a few light
pagses over the grinding wheel, take a few sec-
ond=s tp let the point cool 2nd repeat aliermats
grinding 2nd cooling. With anly slight pressurs
against the wheal, less heat is developed and
the =pead of the wheel iz maintpined., Wheel
speed creates air currents which also help 1o
kesp the noint conl.

Onee jou natice the appearance of a blue
temper colar at tne point, it is too lafe. You
have drawm the femper and the stegl is now too
soft to hold a eufting edge. Then the.only
thing you can do is 1o continue the sharpening
process, first one lip and then the other, until
you bave finally sround away the soft tip of the
drill. This means that you must grind away all
that portion of the tip which is blue. AS the
blue coler indicates softness throughout the en-
tire point of the drill, and oot enly on the blue
surface, resharpening must be contlnued until
all of the blue-colored metal has been ground
awav

This Uperatlcln must be dowe very slawly
and carefully, keeping the point coal to preveat
contimeal 'tlluing' of the metal.

FILING OPERATIONS

Using a file is an ocperatien that ts nearly
indispensable when working with metal. Filing
is done when a small amcunt of metz] is to be
remaoved.

When pou have finished using a file if mav
be necessary touse an abrasive cloth or paper
to finish the product. Whether thisisnecessary
depands on haw fine 3 finish you want on the
worlk,

FILING MILD STEEL

Fignre 2-5-28 shows a piece of mild steel
baing erossfiled. This means that the file is
being maved across the surfazce of the work in
aporaoximately a crosswise direction, For good
resulis, keep your feet spread apart to steady
yourself as you file with siow full-length steady
strokes. The file cuts as vou push it—eass up
on the return stroke to keep from dulling the
teeth. Xeen your fila clean,

Tigure 2-3-30 shows the zlternate positions
of the ile when an exceptionzily flat surface is
required, Using either one position or the

-

$-28,~—Cro=stiling a pisce of
mild steel.

imyre 2=

Figure 2-3-30.—Alternating positions
when filing,

ciirer first, file acress the entire length of the
stock. HRepeat this until the entire surface has
had metal removed by the file, Then, using
the other pagitlon, file across the entire length
of the stock sgain. Beceuse the teeth of the file
pass pver the surface of the stack from two di-
rectiens, the hizh spots and low spots will
readily be wvisible after filing in both vositions.
Continue filing first in ooe position or direc-
tion and then the other wntil the surface has
Been filed flat, Test the flatness witha siraight
edge or with prussian blue and a2 surfaee plate,

Draw filing produces a finer surface fAnish
and usually a flatter surfare than cross®libg.
Small parts, as shown in figure 2-5-21,arehest
heid in a wise. Hald the file as shown in the
fgwre; notice that the arrow indicates that the
cuttier stroke is away from sou when the handle
of the file is held inthe richthand. I the handie
is held in the 1eft hand, the cutting stroke will ba
toward you.

Lt the {ile away from the surface of tha worlk
on the return siroke. When draw Iiling will no
lenger Lmprove the surface texture, wrap aplece
of abrasive cloth around the file and palish t‘r:e
surface as shown in ficure 2-5-32,

Fipure 2-0-31.—Drawfilinc a smat! part,

Alwavs ioep the file clean, whether vou're
filirg mild stezl or other metals. Use chalk
liberally whern filing nonferrous metals.
DOTISHING 4 FLAT METAL SURTACE

When polishing a2 flat metal surfiee, firsi
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draw fila the surface as shown in fig, 2-5-31,

Then, when the best possible draw ffled aur—
face has beem obtalned, proessed with abrasive
cloth, aften called emery cloth. Select a grade
of ¢loth suited to the draw 7iling, If the draw
filing was well done only 2 flnse cloth il be
needed to Ao the polishing.

It your eleth is n & roll; and the job yauo ars
paolishing is the size that would be held ina
visg, tear off a 6" or B'f length aof the I or 2V
width, If you are using sheetsofabrazive cloth,
tear off a ztrip from the long edze of the 87 by
11" sheet.

Wrap the cloth around the file (fig, 2-5-32)
and heold the file as you wouid for draw filing.

Fipure 2-5-32.—Polishing metal with abrasive
cloth wrapped around a file.

Hold the end of the cloth in place with your
thumb. In polizhing, use 3 double stroke with
pressure an hoth the forward and the backsard
strokes, Note that thils 15 different from the
drawfiling stroke in which you out with the file
in anly gne direction. Tae lubricating oil on
the surface belngr polished.

When further polishing does not appear to
imprave the suriace, you are rzady to use the
next finer prade of cloth. Before chancing to the
finer grade, however, reverae the ¢loth =0 thak
itz back is toward the surface being pelished.

Work the reversad cloth back and forth intha
abrasive-laden oil as an intermediate step be-
tweoen grades of abrasive gloth, Then, with the
golvent available in your shop, clean the job
thorourhly before proceeding with the next finer
grade of clath, Careful cleanping betweengrades
helps ta ensure freedom from scratshes.

For the final palish, use a strip of crocus
cloth—first the face and then the bhack—with
plenty of nil, When pollshineg 1s complate, again
carefully clean the job with a solvent and protect
it, with o1} gor other means, from rusting,

Fisure 2-3-33A shows ancther way to polish
in which the abrasive cloth is wrapped around 2
bloek of wood, In figure 2-5-338, the cloth has
slimply been folded to form a pad from which a
worp, dull surface can be removed by simoply
tearing it off Lo exoose a new surface.

FILDIG RCUND METAL STACE

Figure 2-3-3% shows that, as a file Ispassed
aver the surface of round work, its ancle with the

EMERY CLOTH

' Flpure.2-3-31,—Alternate metheds for
polishing metal surfaces,
work is chapged, This results in a rocking mo-
tion of the file az it passes over the work. This
rocking motion permits all the testh on the file
to make contact and cut as they pass pver the
worl's surface, thus tepding to keep the file
much cleaner and thereby doing befter work.

" START OF
e %, STRAOKE

EMD OF STROKE

Filpure 2-5-34. —Filing round metal stogk,

POLISHIMG ROUND METAL STOCK

In figureg 2-5-135, a piece of round stock is
being polished with a sirip of abrasive cloth
which 1s ‘'seesawed™ bhack and forth as it i=
guided gver the surfare being polished.

Bemember that the selsctlon of grades of
abrasive cloth, the application of ofl, and the
cleaning between grades, applies to polishing
regardless of how the cloth 1s held or used.

ABRASIVE CLOTH
WORR

WORK
PROTECTORS

Figure 2-5-35,-DPalishin
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TESTING METAL FO2 HARDNESS

A quick and practical test for hardness can
be made with an ordinary millfile. Eeld a piece
af stock in 2 vige, ar firmly against the edge of
the bench, and pass the file aver its surfaes,

‘wreferably at an edze ar it a corner. If the file

will take hold and cut the surface of the metal,
it tndirates that the meral is zofter than the file
itgelf and ecan therefore be filed, drilled ar cut
with a hacksaw. Tf the file seems to slide aver
the surface of the metal, then its teeth aTe not
cutting, and the metzl cannot be drilled with
twist drills or cut with a hacksaw. In this case,
other methods of cotting will have tobe employed.
Among these methads are prinding, abrasive
wheel cutting, and toreh eubiing.

UsING SHARPENING STONES

Sharpening stones are often used for final
dressing of edged tools. When a tool is cround
with a grinder there is often a4 wire edge that
shonld be remaved, This can be done Ly hoping
the edge of the tool with 2 sharpening stone,
Thers are many times when the sharp edee of a
tood is dulled but is not damaged to the extent
that it heeds grinding. Inthese cases honine with
a sharpening stone is all that {5 necessary to
restore the keen edze to the tool. Do not grind
a tool unless i 15 necessary, as it will wesr
away metal unnecessarily and may distort the
original shape of the taogl.

cHARPENING A CHISEL O A
SHARPENING STONE

To sharpen a wood chisel with a ghaypening
stone, use 4 common oflstone that has ceoarse
grit on onz sideand finz grit on the other. (Ses
fig. 2-5-36,) Make sure the stone isfirmly held
so that it cannot move, Cover the stone witha
Yight machine ail so that the fipe particles of
sfteel pround off will float and thus prevent the
stone from clogring.

Held the chisel in one hand with the heval flat-

azgainst the coarse side of the stone, Usgz the
fingers of vour other hand to steady the chisel
and hold it down againstthe stone. Using Bmooth
even strakes, rub the chisel back and forth
parallel to the surface of the stope (fiz. 2-5-36),
The entire surface of the stone should be used to
avoid wearing a hollgw Inthe centar of the stone.
Da not rock the blade, The ancle of the blade
with the stone rust remaln constant during the
whetting process.

Alter 3 few strokes, a burr, wire edge, or
teather edge 1s produced. To remove the burs,
flra: take a few strokes with the flat side of the
chigel held flat on the fine grit side of the stons.
Be caraful not to rafse the chisel evan slizhtly;
avold putting the slightest bevel an the flat=ids,
far then the chisel must be ground until the bevel
15 removed,

After whettine the {Iat zide on the fine grit
side of the stope, turo the chisel over and plage

STQORE

S SEH BEVO O COAEEE SI02
07 FT0ME, RIAOLE CHIBEL Bald

aNE FOATH, KETF AMGLE [OndETanT /:/

REWWE BUEE Owl FdE SiGE
DF J10HE LTEF FLAT SI0E
or CHISEL Dok

Figure 2-5=38.=5harpening a woodwarker’s
chisel.

Figure 2-5-37,—5harpening a pocket kmife.
the bevel side down and hold itatthe same apsle
as used when whettinz on the coarse side of the
stone. Take twoorthreeligh! strokesto remove
the burr.

To test the sharpress of the cutting edge,
hold the chisel where z good licht will shine on
the cutting edge. A ¥een edge does not reflect
light in an¥ position. I there are oo shiny or
white spote ttisagocd edge._
SHARPENING A POCKET KNIFE O
A SABARPENTNG STONE

Most pocket Imivea may bpe sharpened ona
medium ar fine grade sharpening stone with a
few drops of oil apread on the surfare. Erld the
handle of the knife inone hand and place the blade

‘across the stone, Press down with the fingars

ol the other hand and stroke the blade followlns
a circwiar motion as shown o figere 2-5-37,
After several strokes, reverse blade and siroks
oppasite sids, following the same type of motian,
Use a [ight even pressurs. A thin klade over-
heats quickly and can lose its temper. The wire
edee ar burr that may be left on s kmife blada
after whatting may be removed by strapping bath
5ides or & soft wood block, canvas qr léather.

-123-



METAL CUTTING OPERATIONS

The cutting of metal can, in some instances,
be a simple operation where accuracy i3 not
important. However, In most cases the eulting
of metal isanimportant and preciss job. A large
mumber af tools, both power and hand, have been
designed to make mefal-cuttlnz operaticns
speedy, economical, and accurate in all kHndsaof
material.

Az you adwance In your. career youwill
find that there are many special tools desicned
ta de specific jobs. This is true in all ratings
but especially true when the rating requiras
working with metal. Only the skill= that require
the use of common and versatile mefal cutting
tanls will be discuszed in this seckiom.

METAL CUTTING WITH CHISELS

Oine of the earliest methods of shaping a pisce
of metal was ta chip away the onwaanted material
with a hammer and chizel, This practice is
still eomewon for johs that are done atthe work-
bench, and where it i3 not practical to do the
work on 2 machine.

COTTING METAL ON A FLAT SURFACE

Ta cut metal an a flat plate, place the metal
on & heavy bench plate or similar surface that
will serve as backing for the hammer blows.
Hald the cold chiscl firmly inthe cutand slanting
slightly away fraom tbhe direction in which it is
cutting. (See fig, 2-6-1). Advance the chisel
along the scrap Side of the layout line after sach
hammer blow, Cut throurh on the firstblow for
the lizhter gazes of metal. Heavier gages will
raquire 4 second or third blaw.

Tigure 2-6-1.—Cuiiing wmetal on aflat surface.

CHIPPENG METAL WITHE A CHIEEL.

"Chipping’" is a term applied o the remowval
of metal with the cold chise! and hammer. The
degree of acquracy reguired varies.

Secure the work in 4 vigse with a block urder
the work to prevent it from slippine. Plage
canvas oy some other tvpe of chipping guard in
fromt of the work to keep flving chips [rom hitting
men working in frant of you. Wear gogsles to
praotect vour eyes,

Far most gpdinary chipping with a 3/4-inch
chisel, use a3 1-pound hammer, Use a lighter
hammer for a smaller chisel. Alvways uze =z
wall-sharpened ehisel.

Graso the chisel with one hard, holding the
cutting edge to the work and striking the other
end of the chisel with the hammer. Keep your
e¥es on the cutbing edere of the chizel to watch
the progress of the work, The bevel side of the
chisel is the gniding surface, and iz held at a
very slight angle with the finished part of the
work wittch the ecutfing edee is touching. Raising
or lowering the shank of the chisel inereasdes
or decreases the inclination of the guiding bevel
and ranses the chisel fofake aneavier or lighter
cut,

Ta ztart the chip, the angle linfigure 2-6-24
must be great enoogh to cavse the cutting edge
ko epter the surface of the metal. After the cut
has baen started, and the desired depth reached,
decrease this angle, 235 shown at 2 in figure
2-6-2B, as the chisel advances or cuts. If you
want t0 decrease the depth of the cut, decrease
the angle as shown at 3 infigure 2-6-2C. Notice
hera that the chisel ig riding an the heel of the
bewel, rausing tha cutting edge to "climb out™
nf fhe cut.

When chipping wrought iran or steel, wipe
the edge of the chisel with anoil-gaturated cioth
frequewntly. This will lubricate the confacting
surfaces and preserve the culting edose of the
chisel,

After every two or three Llows, draw the
chisel back slightly from the chip. This tends
to ease your musclzs and sives you better control
over the job.

When chipping case metal, begin at the ends
and chip toward the centeriokeep frombrealking
corners apd edges. Take euwtsfrom 1/16tg 1/32
inch. ILeave encugh stock so that the surfaces
may be finished with a file,

CUTTING WIRE OR ROUND STOCK

When a suitable hacksaw i3 not available to
cut round stock, the chisel may be used.

Mark off a guideline an the stock and placse
the work on the top face of an anvil or other
suitable working suriace. Placethe eutting edge
aof the chisel on the mark in a vertical position
and lightly sirike the chisel vith a hammer.
Cherek [he chisel mark {or the desiredeut. Con-
tinwwe o strike tha chisel unril the gut is made.
The last fewblows ol the hammer zhould be made
lightly ta avoid damage 3 the anvil, supporting
surface, or ta the chissb.



Heavy stock is cut in the same manner ex-
cept that the cut 15 made hallway through the
siock; the work is then turned over and the cut
finished from the opposite side.

Figure 2-5-2.—Chipging metal with a chisel.

SHEARING METAL IN A VISE

Ta ghear metal in a visa, hold the metal in
the bare vise jaws (fig. 2-6-3) in order to pro-
vide a shearing action between the rear jaw af

Ficure 2-5-3.—Fhearing rpetal with a chisel.

the vise and fh= cold chisel. Advancethe chisel
after each blow so that the cutting action takes
place in ebout the ceater of the cutiing adge of
the cold chisel. If you zre shearing to a line,
hold the metal so that the line is just concealed
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by the froni jaw of the wise. After cutting, it
will then be visible along the sheared edgs o
serve a5 & guide for grinding or filing.

Tao cut an internal hale by shearihg, hold the
metal in the vise as you do far plain shearing.
Wotice thar the eut iz heing made from a to b in
figure 2-2-24A, and that the cefting has stretchad
the metal at the jaws of the vise. When ab has
been cut, hold the metal in the wize along the
other lines apd cut b, cd, and da. (See fig,
2-6-48.)

On the second cut, from b to ¢, a5 well a5 on
the next two cuts, the metal will cur) hack and
away from the cut as the cutting proceeds, At
the end of the fourth cut, to apoint a, which was
al=o the startineg point, the scrap will fall avway.
Then raise the metal in the wise just enough to
see the layont line in the clear and dress each
shearad edge with a file down to the lfne. Ses
figure 2-8-40C.

CUTTING OFF & RI¥ET OR BOLT HEAD

To eut off a rivet or bolt head with a chise],
hold the job in & heary vise or secure it some
other wav 2o that the work will not move. (See
fig. 2-6-54.) Hold the cold chisel with ons face
of the bevel flat on the surface ofthe joh. Strike

-
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—
-

Fipure 2-6-4 —5Sheering zn-internal hole in sheel .

- metal.

the head of the chisel with the hammer as you

loasely hold and guide the chisel,

To cut off a rivet head with a cape chisel,
select a chisel of about the same size as the
diameter of the rivet. Cut throush the center of
the rivet he=ad, holding one fzce of the bevel flat
on the surface af the job, and then sever the
center of the head from the shapk or body, as
showm in figure 2-6-5P.

To puf aoff a4 rivet head with a side cutting
chisel, commonly called a rivel buster, place
the chisel nearly flat on the surface of the work
witk its single bevel upwards. [The mmain dif-
fergnce bebween a rivet buster and a comrGon
cold chisel is that the rivet buster has only ong
hevel.) Drive the cutting edge under the sdge of



Figure 2-6-5.~Cutting off 4 rivet head with a
chizel.

the rivet head just as you would if you were using
a cold chisel. {See fiz. 2-6-BA). Notice in
ficure 2-6-GB that the cutting edge of the chisel
has a slight radius which ®ill tend to prevent
the corpers from cutting updesirable groovesin
the surface of the work.

To remove a rivet head (fig. 2-6-7) when
there iz nof room encugh to swing a hammer
with sufficient force to cut the rivet, first drill
2 hole about the sizz of the body of the rivet in
and almost to the bottom cfthe rivethead. Then
cut off the head with 2 cold chisel,

Figure 2.6-8,—Cuiting off a rivet head with a
gside curting chizel.

B DRILLED HOLE
—mezney

I - . xr |

- ROUND HEAD RIVET

Figure 2-6-T.—Removing 2 rivel head ina hard
ko reach position.

CUTTING A CHOOVE IN METAL

Ta eut 3 groova in metal (fig, 2-6-8), =elect
4 half-reound chisel the size of the reguired
grogve, For small grooves, 3 round-noss chisel
may he used.

As the chisel i= driven forward, ittwillroll a
chip ahead of the curfing edge [fig. 2-6-8), cutting
a groave in the surface. ¥You can control the
aaoth of the groove by raising or lowaring the
bandle of the chisel, Whenthe handle is lowerad,
tke chisel will tend to *‘ride cut' of the cut on
the heel—the par: of the chigel just behind the
cutting edea,

Figupre Z-6-8,—Cutting a groove In melzl.
CUTTIMG SEEET METAL WITH 3NIPS

To cut large holes in the lighter gages of
sheet metal, start the eut by punching or aother-
wize maling a hole in the center of the area to
be cut out. With an aviation snips, 48 shown in
fipwre 2-8-9, or some other narrow-hladed
snips, make a spiral cut fram the starting hole
aut toward the scribed cirele and contimie cuk-
ting until the scrap falls away,

Figure 2-6-9, —Cuitlag an insica hole with snips.

To cuat a dlsk in the lishter gages of shest
metal, use = combinaiion snips or z stralgit
blade =pipz as shown in fizure 2-8-10. First,
cut away any surnlus material cutside of tha
scribed cirole leaving oanly 2 parrow plece tatbe
removed oy the final cut. Make the final cut
just cutside of the lzyout line. This will permit
vou to see the soriped ling while youare curting
and will cauze the serzp to curl un below the
blade of the snips where it %illoe cuf of the way
while the complets cul 15 haing made,
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To meke straight cutz, place the sheet metal
on a bench with the marked guideline over the
gdze of the bench and hold the sheet down with
gne hand. "ith the other hand hold the snips 50
that the flat sides of the blades are at pight
angles to the surface of the work. o the blades
are nobt 2t richr angles to the =urface of the
work, the edgres of the cut will be stightly bent
and burred. The bench edge will also act as a
gride when cutting with the snips. The snips will
force the sgrap metal down 50 that it does oot
interfere with cufilng. Any of the hand snips
may be used for straight cuts. When notches
are too narrow bo be cut cof witha pair of =nips,
make the side cuts with the snips and cut the
basz of the notch with 2. cold chisel,

Figure €-6-10.~Cutting a diskout of sheet metal,

CUTTING HOLES IN METAL WITH
PUNCHES

When using a hollow punch to cut holes in
mefal you shouwld make layout lines on the stock
metal, Yse a cenfsrt punch to mark the center
pof the hole. Seribe the desired circle with a
pair of dividers. ’

When using either a hollow punch (fig. 2-6-
11A) or a solid punch, (fiz, 2-6-11B), place the
Stock sheot metal on towp of 4 lsad or wooden
block. Sirike the punch with a hammer fo drive
it through the meial, The lead or wood block
keeps the punch from being damaged,

DRILLING HOLES IN METAL

Before drilling any material, evenwood, itis
a zood idea to cenfer-punch the exactlocationof
the hoie. This forms a seat for the drill point
and assures aceuracy. [Eisespeciallyimportant
in metal since, withour the mark, the drill conld
“walk pEff" before it bDegins to ecuf into the
material,

When drillins sheet metal, place the sheet
on 3 flat surface to prevent the pressure vou
apply fram buckling the shest. Thematerfal wog
are drilling must be securelv clamped,

Always apply pressure on a ling which gnes
strairht throuph the axis of the twistdrill. Keep
the drill stesady asd apply encush pressuere fo
keep it cutting, Too much pressure will over-

Pigure 2-8-11.—Culting holes in metal with

punches.
load the motor; too little oressure will maraly
causze the drill to ““polizh®™ instead of cut. This
will quiekly dull the cutting edees of the drill.
Tou will know the pressure 15 correct when the
dril] Hites continuously without loading the drill
nroior,

Oarce vou have lined up the drill with the
hole, keep the dpill straight. Side pressure or
swaying off the line will eplarge the hole and
can break the twist drill.

When drilling large holes, do it in stages,
especially if you are using a low-powsr drill.
A pilot hale is a good idea, since it serves as a
gulde for the larger drill and helpg to increase
accuracy. Above all, keep the drills sharp.

It 15 necessary to use 2 cutting oil to lubri-
cate and cool the drill when drilling steel and
wrought fron. Cast iron, alumipum, brass and
other metala may be drilled dry, alfhough at
hizh d=illipg speeds it 15 advisable 0 use some
medivm fo gool these metals, Compressed air
may be used for cast {ron; kerosene for alumi-
nurn; cleiqg acid for copper; sulfurized mineral
oil for Manel metal; and water, lard, or solubhle
pil and soda water for ferrous metzls {the soda
water reduces heat, overcomes yust, and im-
proves the finish).

HOLDING WORK FOR DRILELING

Most work 15 held for drilling by some
mechanical means such.as a clamp, ¥ise, or
pliers. When drilling smal) holesinfairlyiarge
plecas of work, it 'ls permissible ta hold the
work with the bare hands fo keep it from turning
when the drill beging tp cut, Underthese condi-
ticns, a small drill ¥l brealk in case ik grehs,
andd the work will nof bz dangerously spun
around at drill speed.

To drill small holes in simall pieces with a
hand drill or an electric drill, hold the work in
& visg g0 thal the axig of the drill is horizoptal.
gee ffgure 2-6-124 and B. This position pro-
vices better contrel of the drilling and will terd
tu ensure a hole which wiil be sguare with the
gsurface of the worke
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Figure 2-6-12.—Halding small pieces in 3 vise
for drilling.

To drill small holes in small pieces with a
drill press, nold the work either with a monkey
wrench (tig, 2-6-13), in a drill press vise (fig,
2_G-14), -with pliera or Ilocking pliera {fig.
2.B-151, or between ¥ blocks {fig. 2-5-16).

Figure 2-8-13.—Holding work with a menkzy
WTrERGhH.

Tg drill holes fn the end of round stock,
place the stock in one of the V-grooves in the
stationary jaw of the drill ¥viseas shownin figure
2_B-17. These ¥-grgoves will hold the work 0
that it is square with the table of the drill press.
The drilled kole will then be parallel with the
axis of the round stock.

To drill small holes in long pleces [fig.
2-6-13}, hald the stock in your lefthand and feed
the drill with your right hand. Drill over the
center hole in the drill presstable, I(£if has ane,
or place the stock on a flat piece of waod to
protect the table. Reduce the feed pressure as
the drill reaches the end of its cut to prevent
drill breakage.

Tg drill large holes in large pisces, hold the
work by using a step block and clamps, sooiz
rvpes of which are showninfigure 2-6-19. Ditan
pieces of metal of the prover thicknessare sub-
stituted for a step block. A piece of metal with
a hole drilled pear ane end makesa satisfastory
syhstiture for a clamp.

To wold work with clamps and stzg blocks,
the goosengek clamp may te usad, as in figure
2-6-20, 10 provide clearance Ior such obstruc-
Fons- as the out below the ovgrhang on the job

Figure 2-6-15.—Holding work with a palr of
lockdne pliers,

Figure 2-6-17.—Haolaing work o drill noles in
end of round stoclk.

showT. Motice that the body af tha ¢lapp is
aoproximarely sarallel svith the surfage of the
drill aress table and that he ool is held close
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Figure 2-6-18,—Holding a long pmcefordri]ling
a small hole.

Fipure ?-6-19.--5tep hlock and clamps.

STEF BLOCK GOOSE-NECY WORK

CLAMF ](

“MACHINE TABLE

Firure 2-8-20.—Holcing work with step block
and clamp far drilling,

to the work rather than close to the stap block.
Thiz provides the most favorable mechanical
advantage, Usually two or more clamps are
usad on gach setup.

.To hold thin metal for drilling, place it ona
Black of wood toprovide support directlybeneath
the hele. This will help minimize dri]l) hreakage
when the feed prassure {5 applied. Thensecure
the C-tlamp as shown in figupe 2-6-21, and drill
through the rmetal and inta the wood, Stop drifl-
ing when wood chips aphear 50 as notto damage
the drill press table, Some tahles have no
center hole, or, if there 18 3 center hole, it may
not he lined up directly below the drill.

SPEED AXD FEED FOR DRILLING

The SPEET of a drill isthedistance the drill
would roll if it wereplaced onits side and rolled
at a given rom far 1 minute, This speed is
uswzlly expressed in feet per minute (fpm). The
correct cuttine speed for a job depends uponthe

Figure 2-8-21.—Holding thin gage met] for
drillipg,

degres of hardness of the metal, the impurities
in the metal, and the type of drill used, Tha .
follorwing speeds are recommended when Using
high-speed drills,

Alloy steel, . . ... .. ... gd-70 fpm
Machine steel. . ..., ... 70100 fpm
Cast iron, . ... .. v sva . 102150 fpm
Brass . .........., .. 200300 fpm

Carbon steel drills should be runat approxi-
mately ane-half the speeds given above. With
practice, you will be able todstermine for your-
self the correct speed for each plece of work.

The speed of the drill press is givenin rpm,
Tables giving the proper rpm at which o run a
drill press for a particular metal are usually
available in the machfne shop, or they may be
found in machiniasts' handbonks.

The FEED of a dril] is the rate of entry into
the work duripg each revolution, Feed 1= ex-
rressed in thousandths of aninch per revolution.
In general, the larger the drill, the heavier the
feed that may be uzed,

COUNTERRORING HOLES IN METAL

Counterboring is the operation of horing a
second hole, larpger in diameter than the first
but concentric with it, A togl mown as a
counterbore is used for this aperabion. (See
fig. 2-6-28.) The small dizmetar oo the end of
the taol, Imown 25 a pilot, keeps the counterbore
concentrle with the grigical hole, Pilots of dif-
ferent sizes are interchangeahle tu:u Tt varipus
glizes of holes, -

Counterbores are also used for spcnt facing.
In this eperaticn, usvallyperformed on casting s,
the objective iz to remove enough material to
provide a flat surface around 3 hole to accom-
modate the head of a boli, oot or sorew,

Counterbores for screw holes in metal are
atvailable in the useal bwist drill sizes from
1/4" to 3", in eithar taper or straight shanks.
Thev are generally made in sets, and 2 set may
include counterbores ranging in size from 174
inch to 1 inch by 16ths. Pilnts will be inoluded
wiich inerease in size by 3245 in the smaller

Figure 2-6-22 —Countecboring tool with prilot,
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sizes and by 15ths in the larcer sizes. Because
the pllacs are remavable, variovs combinations
of eounterbores and pilots are poasible. In
firure 2-5-234 and B are the same size counter-
horea with pilots of different sizes as indicated.
B and C are the same size pilots with counter-
boresd of different sizes as indicated,

SLREM BCREW SCREW
HEAD HEAD 2007
SITE HIE SIZE

e

200 TL:L Tak

L CPI DHILL

I;IJE'EE SITE SIZE
il B c

Figure 2-6-23,—Various combinations of eoun-
terhorea and pilata.

A counterbare can be used ta counterbore, or
to spot-face, or to drill holes in metal which is
tca thin to drill with a twist drill.

Figures 2-6-2¢ t3 a drawing ofa counterbored
nole for a 378" fillister head or an intermal
chusking head-screw. Herethepilotsizeis 3/8'),
which 1s the hody hole size, acd thebody size of
the counterbore is equal tothe nominaldiameter
of the head of the serew.

Figure 2-f.24.~Drawing of a counterbgred hale
for a fillaster head screw.

In figure 2-8-134A, the surface of the casting
has been spot-faced to make it clean and squars
with the hale and =eat the head of the cap screw
oroperly.

To soat-face the surface of 4 rasting, select
a counterbare that will be larger thanthe zreat-
est diarneter of the head of the cap screw. This
is nepessary so that the sntire botiom of the

Lz ufk dEaD
CAPR SLEEW
L =Yy

SFOT
Race ™o

irure  2_F-75.—3pot faping 2 suriace om &
casting.

serew hoad will rest an the spot-faced surfaca,
Bee figure 2-6-23B. Then select apilatthe siza
of the serew body hole, tnsert it in the counter-
hore, and proceed with the counterboring until
the seating surface i5 cleined up.
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Flrure 2-6-28 —Counterboring a fele in thin
metal.

Figure 2-6-26 shows how a pilated coupter-
Bore i3 used tao hore foles inthinmetal, Segure
the atock aver a blaock of wood onthe drill press
table, a5 shown in figure 2-6-26A, and drill the
pilot hole through the metal 2nd into the wood,
Then follaw up with the counterbore, using a
pilnt to fit the pilot hole, and bore with the
counterbore until the larger hole has also been
bored through the metal and into the wood. (See
fig. 2.6-268.)

THREADS AND THREAD CUTTING

Threads ars helical ridges cot into screws,
nuts, bolts, or the walls of a hole, so Ehat the
action of turning the screw, nut, or holt gives it
endwise a3 well as rotary motion.

Thers are many types of threads, each de-
signed for a specific bype of work., The most
commaon byps of bolt threads in use today, how-
ever, is the American National form al theeads
of which there are twg seriea: coarse thread
series and fine thread series. The fine threads
are of the same gensral shape as the cosrse
aned, but they are smallerand there are more of
them par inch. Nuts with fine threads may be
drawn up tizhter than those with coarse threads,
anod they will not shaks loose 50 easily.

Machipe screw threads are of the samegen-
eral shape as bglt threads, but they are much
smaller. Machine screws are used in small
machines and asparaius such as small motors,
glectric fans, atd carburetors.

Pipa threads are used on pipe and pige-and-
tubing conneeticns on engines, motors, and other
mechines. Pie ‘hreads have a taper of 1710
inch per inch ef lengzh. Since the threaded end
of a pipe i5 tapered, the farther it {5 screwed
into a fitting, the righier the {oinibecomes. This
makes it nassible o make a tight joint without
having any fension or od pullonthe pipe. Sincs
bolt amd machipe threads are straighithevdoner
rightan until thev are drawn vp arainst the part
being held.

Bzeause of the zvstem qof indicating nipe
slzes, pine threads sre much larger ihan the
corrasponding Fize of bolt thraads, The size of
oipe 15 designaced ww its inside diameizr. A
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1/2-1n. bolt die cuts threads on the outside of 2
rod g bolt whase cutside diameter 15 1/2-in.;a
I/2«in. pipe die ruts threads oo the outside of a
pipe whose inside diameter is 1/2-inch, The
pirg die, therefore, is much larger.

It-is caomman practice to iadicate the size of
4 bolt thread by 1wg murnbers, the firsibeine the
diameter of the balt and the second the number
of threads per inrh. For example, a 3/6—16
thread would he for a 3/8-in. bolc whieh has 18
threads per inch. The size of & machine-serew
thread, or a tap or die for cutting it, is desiz-
nated by two numbers in the same manmer as
balt threads, the frst number being the size of
the screw and the second the number of threads
per inch. For example, an 8—=32 threadis for 2
No, § screw which has 32 threzds per inch.

DETERMINING THE PROPER SITE TAP
DRILL FOR PARTITULAR TAPS

If a threaded hole is t0 be mads in a pisce of
metal, & hole of suitable slze must first be
drilled, The hele mwust be somewhat smaller
than the size of the bolt to be screwed into it
usually 1/16 in. smaller for bolts 1/4 to 172 in.
in size,

The best method to deterinine the exact size
of tap drill to use 15 tn refer to the American
iational Form Threads chart in appendix of
this course. A chart siorilar tothisgenerally is
Included with a set of taps and dies.
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Figure 3-5-27.—A working drawing far tapping
and cutting threads.

The worling drawing showm infigure 2-6-27,
specifies 3 1/2 in. 13 National Coarss (BNO)
thread to be lapped in a throush hols fn one part
(1/2 ik. deep hole in 1/2 in. stock). The same
thread is to be tapped in a blind hole in another

part (3/4 in. despholein ! in. stock). The 1/2 in.

round stock i to be threaded with this same
thread to fit the tanped holes.

Refer to the chart inappendix  and run dows
the first two columns umtil you Ioeate 1/2—13
.C. Follow this Yine tothe right until you ecme
to the tap drill size, 27754 in. whichwill produce

approximately a 77 percent full thread, Use the
27/64 in. drill to 2rill a through hole in the 1,7
in. Block and a hole 3/4 in. deep intha 1-in,
block as required by the working drawing,

When the tap hole is the right size, it isa
little larger than the root diamerer of the tap as
shown in figure 2-6-28. The tap will cut a thread
In the work which is only 73 percent as deep as
the threzd on the tap, The ather 25 percent of
the depth of thread on the tap provides clearance
between the tap hole and the root diamerter of the
tap, (Bee fizg. 2-6-28.) This makes tappins
gasier,

If the tap drill selected is aversizs, the tap
hole will be oversize, and the tap cap eut only
shallow threads ip the work. (See fig. 2-6-29,)

Figure 2-6-ZE&.—Proper size drilled hele for
tapping,

! TAP HOOT &
P DIAMETER

%

1 TAP HOLE

Figure 2-€-30.—Undersice drilled bole for tap-
Ding,
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With Tess than 2 full T3 percent depth of thread,
atud or capscrew threads usually strip.

If the tap drill selected is undersize, the tap -

hole will be undersize, beiny nerhaps equal tothe
rodt diameter of the tap as shown in figure
2_5-30. Then there willbe noclearance, and the
tap will turn hard, tear the threads, and prabably
break.

CUTTRG MACHINE THREADE WITH TAPS

A 80-50 mixture of white 12ad and lard oil,
applied with a small brush, is highly recom-
mended 25 a lubricant when tapping in stesl.
When using this lubricant, tlehten the tap in the
tap wrench and apply the lubricant to the fap.
Start the tap careflly with itsaxisonthe center
line of the hole. The tap must be square with
the surface of the work, as shown in figure
2-6-31.

L
TAP WREMCH

SQUARE

Figure 2-5-31.—Using a square Lo ascertain a
tap 15 sguare with the work.

Ta continue fapping, turn the tap farward two
gquarter turas, Dack it vp a quarterturnto break
the chips, and then burn forward againtotaks up
the slar¥. Continue this sequence until the re-
guired threads are cut. Lard oilaloneis some-
times used for lubrication, and is conveoiently
applied from a2n oil can. After $ou cut for the
first 2 gr 3 full turns, vou oo longer have to
exert downward pressure ap the wranch., You
can tell bv the feel that the tap is cuttlng as you
turn it. Don't permit chipg (o clog the flutes ar
imev will prevent the tap from turning. When
the tap wor't furn and vou notice a springzy feel-
tnr, ston trving Ummaediately, Pack the tap up 2
gquarter tura ta breakthe chips, cleanthem cut of
the flutes with a wirs a5 shownin figure 2-6-32,
add scme more [ubricant, and continue tapping.
When the tap has cuf threads through the hole,
the tap will turno with ro resisiance.

T tap a blind hole, start with the taper tap.
For a blind hols vou wiil need all three fypes—
the taper, plug, ahd bottaming taps. Ee surs they
are the size sad thread series youneed,2nd that
the tan hale is the size caliedforby ne working

LI CHIPS

Figure 2-6-32.—Using a wire to clear chips
from flute of a tap.
drawing and the chart in appendix.

Begin with the taper tap. Handle it as
described and shown before. Figure 2-6-33A
shows the taper tap just starting fo cut. In
firure 2-5-313B it has cut a little farther. In
figure 2-6-33C tt has bottomed in the hale after
havine cut several full threads near the Lop of
the hole. This comoletss the work to be done
with the taper tap.

2_F-33.—Tapping 2 bilind bole with 2
taper tap.

Figure 2-3-39.—Tzpring a blind hole with a
plug tap.

In Hgure 2-6-3+A the rlugtaphss enlered the
fgw il threads cul v Dwe @per tTan. AT figure
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2-6-348 it has contimed these threads a litile
farther down into the. hole. At figurs 2-§-34C
it has hortomed in the kale. Thisis all the waork
that vou can do with the plur tap, It has cut full
threads about halfwav down the tzp hale before
bottamine .
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Figure 2-£-33.~Finish tapping a blind hole with
a bottoming tap,

In [gure 2-F-35 the hottoming tap has besn
substituted for the plug tap, In figure 2-6-354
ft has been run down the full threads cut by the
plug tap and is ready to cut more full threads,
In figure 2-6-J5B it has cut a few more threads,
and in fizure 2-6-3%C it has bottomed in the
Ekole. The blind hole bhas now been completely
tapped.

Because these threads are beine tapped in g
hlind hale, chip removal must be done different-
I¥. To remcove chips, back the tap completely
out of the hole very frequently, invert the stock,
if possible, and jar out the chips or work them
out of the hole ®ith 1 wire while the stock is in
the inveried position. If the work cannof be in-
verted, blow out the chips with air. Chip re-
maval in tapping blind holes is much mare diffi-
cult to do and is very important because chips
will fall ahead of the tap through the Outes and
acrumulate in the battom of the blind hole,
Until these chips are removed, none of the
three taps can complete ity work, Ih tapping
blind holes alternate with tapping and chip re-
meval until each of the three taps bottom  in
the blind hole.

When you have finished vsing the three taps,
brush the chips out of their teeth, oil them well
- with lubricating oil, wipe off the splus oil,
and replace them in the threadine zet.

CUTTING XMACHINE THEEADS WITH DIES

T cut threads on a piece of round stock—
1/2--13 W.C. on a 1/2-inch rod in this case—
first grind A charsier oo the end of the rod as
shawn in the working drawing in figure 2-6-27,
Than hold the rod wvertigcally in the vise to eot
the threads. The working drawing In ligu-e
2-8-27 ralls for a 1/2-13X.C.-1 thread. The
figure 1 after the ¥ .C. indicates that a elass 1
fit is required. 4 class @ fitis a loose {it, The
fit is contpalled while threading the round stack.
We fap the threads in the hole first as therve is

ng way to adjust atap. However, as threading
diges are usnally adjustabla, we can control the
fit of the threaded rad ip the tapped hale by ad-
justing the threading die.

The adjustable round split die shown in
figure 2-6-3% has an adjusiing screw at A, By

Figure 2-6-36.— Assemhling anadjustabls round

split die to diestoek.
tizhtening this serew and spreading the die
slightly, {t will eut less deenly infto the rod and
tihe Ift in the tavped hole will be tighier. The
shallow hole at B is placed tr the 2iz stack op-
pogite the adjustable handle E and serwves as a
drive hole. Also, when the adjustable handle is
tightened, it holds the split die together and
against the adjusting screw to malntain the set-
ting while the die is cutting. The threads ar
cutting teeth of the die are chamfered or re-
leved =zt C to help start the die squearely on the
round stock. The die is put into the die stock
with the face with the anchamlered teethagainst
the shoulder, D,

Figure 2-6-37.—Assembliog a plain round ssliz
die to diestosk.

Figure 2-6-37 i= a plain round splic diz and
die stock, Al A where the Cis is split, therz is
no adjusting sprew,. There are shallow holes ar
E apd C, on both sides of the splin, opposice
which fRere ars setscrews in the di= siock =1 D
and E. F is the adjusiing screw which {8 pointad
and enters the split & inthe dis. D apd £ 2rs the
holding setscrews. Thev haveflatpoinlsendare
tightened afiee the setiing is made with r. O
and E hold the adjustiment and furniszh the d=ive
a3 they enrer the =hallow halzz B znd C shown
in Dicure 2-B-37,
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Figure Z-6-33 shows 4 zection of the die in
the diz stock and its relation to the chamfer on
the end of the w»ark. The taper an the face of
the die will acgept the chamier on the end of the
work to siart the threads souare =with the zom-
ron center line.

To thread e work, bruzh some 30-50 white
lead and lard oil anthe rod. Start the die square
with the warlk. Hold ane handle with each hand,
apply downward oressure, and fura cloekwise
until you fael the thread has besn staried. When
the die has stzrted to cut, rotate the die stoek

| DIE STOGH

—riy, b
CENTER LIME

Figure 2-6-18.—Fosition of diestock in relabien
ta chamfer on end of work.

twn guarter turns, back it off one quarter tura
tg break the chips, and repeat the cutting {sae
fir. 2-6-39). When you hawve cut enovgh threads
so that the rod comes through the back of the
die, remave the die and try the rad in the tapped
hole.

Figure 2-5-39 —~Curting outside threads on round
stock.

Adfussing a thr=ading die to produce s thread
of the proper iit is atrizl-and-error procedura.
This wag a trial run. If the fit i3 too loose, out
aff and discard the poption of the rod that ¥ou
threadsd. Then exgand the die by tightening the
pointed setscrews {or the adjusting screw] 5o
thar the die will cue shallower threads oo the
rod 2pd produees 2 sighiar £

If the fit ig toq tight, it willnoi be nece ssary
to discard tha threaded portion of the rod. Con-
tract the dietybarking off (longening ) the pointed
setspraw [or the adjusting screw) to decrease
the size of the split in the die. This will causg
the die to remove more metal, when cotting,
and produce a logser fit. Then runthe dis down
the cut threads that were toc cight, Now fest the
fit again by teining the threaded end into the
tapped hole.

Wien wou have finished the threading job,
ramove the dle from the die stock, carefully
clean ot all the loose chips, and apply plenty
of oil. Wipe off the surplus oil and put the
dia apd die stoek awav in the threading sai
where they will be prafected and ready for the
next job.

RECONDITIONING MACHINE
THREADS

To recondibion machine threads, when the
damage is nat serious, the general practice is
to select the proper threading die, one type of
which 15 shown in figure 2-8-40a. Putitina
die stock, and run over the threads that are
damaged. For steel, lubricate with a 50-50
mixture of white lead and lard oill, lard ofl
alone, or lubricating oil if ¢he others are not
available. Use no lubricant for brass and cop-
per. Start the dis with the chamfered face of
the die which i5 shewn in the figure,

2y

20

A B

Filgure 2-6-40.—Two thread reconditioning
foals.

The serew apd bolt rethreading die, shown
in fieure 2-5-40B, is designed especially foT
reconditioning threads, The six sets of cutting
teeth, in place of the customary four sets on a
threading die, provide hetter alignment while
the die iz recutting damared threads. Turn
this rethreading die with any type of wrench or
hald the die in a wise and turn the threaded
pigce fhrough it.
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Fioure 2-6-41.—Thread restorer.

When only the first thread or the first 2 or
4 threads ars damarad, and 2 periect thread is
not absolutely nacessary, 4 thres-square file
ran e used to touch up the tops of the damaged
threads. A kmife file w#ill get down a little
deeper info ithe threads when necessary.
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The thread restorer shown in figure 2-6-4%1
resembles a squsre file, Earch fare iz destgned
to match a certzin pitch-screw thread. Two
Stzes of this tool are available, each one cover-
ing eight different machine-thread pitches. To-
gether thew cover a range of from 9 threads
per inch throush 32 threads per ipch., Use tnis
thread restarer as you would a file, maintaining
the proper angle [that of the threads) as vou go
cver the damaged threads. ;

Taols of this type are availabie {or external
nipe threads as well a5 for machine threads.
The thread restorer for internal pipe threads,
however, is similar te a tap, Thi=s type of
thread restorer, whether internal or external,
remaves matal. Therefore, the thread that re-
mains as a restored thread will not bea perfect
or full thread. Where the crest of the criginal
thread was batiered over, the crest of the re-
stored thread will be notleeably flat. Threads
restored in this manner are, for practical pur-
pages, As sirong a5 new threads, They will
again enter a nut or tapped hole.

Annther trpe of thread restorer is showm in
the 2" to 4'* size in figure 2-6-42, This tool is
not designed to cut new threads, but only as a
maintenance and eepair tool, Its action is =2
reforming action and noba cotting action, There-
fore no metal is removed from the thread that
i5 being forced back to its original shape, Only
four ®izes of this tool are neceSsary (o cover
thread dizmeters [romm one-quarter inch to 6
inches. A fifth size takes 2ll diameters from
G to 17 Inches, inclusive. Each zize will fit
any piteh, left- or right-hand threads, standard
wipe or machine thread, within the size limits
specified, and no change of blzdes or dies is
necessary.  This restorer will noi work on
Agme threads,

To operate this thread rezforer, simply
slim it over the threads with the arrow oo top,
or toward you. Then tighten the jaws or hlades
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to a snug fit into the threads close io the haek
of the thread where no daimage has been done,
Then, fust as wou would remove a nur, turn
the tool counterclochwise in the direction of the
arrow on right-haind threads. To restaore lefi-
harnd threads, {irst flop the tool over so fhart
the face of the taol having the arrow iz awer
frem you., Then, after bringing the jaws u,::
soug, run the tonl off of the left-hand threads
by mrning it eclockwizse so that it »1il moave
toward you., INotice that this tvpe of thread
rastorer normally works from the boftom or
back of the thread euf toward the end, resioring
the threads as it progresses,

In most cases, restorers slide ezsily gver
key ways and miilled flats on threaded parts,
It rnay be found that the milied flat is rather
wide on large-diameter jobs, In suech cases
threads can still be restored and the tool will
negotiate the flat if you will clamp 3 half round
pieca of soit wood on the flat and operate the
tool as dirgcted. When this {3 neceszary, it iz
usually on wark af 2-inch diametfer or lzrger,
When wsed on studs or bolts having catisr pin
holes, a small wooden plug in the holes will
avoid breaking teeth. Keep the restorer clean
and well oiled both in use and in storage.

CUTTING INTERNAL PIPE THREATS

Pipe threzds are tapered threads to provide
an airtight aod liguidtight joiut. A 3/5'" ma-
chine thread tap and a 378" pipe thread tap
zre compared in figure Z-6-43 to shaw their
differences, The 3/BY machine thraad tap will
cut machine threads in a hole so that a 3/8"
cap screw, having the same thread, can be
screwsd into the hole. The 378" pive thread
tap will cut pfpe threads in a hole scthata
3/8" threaded pips can be zcrewed into ths
hole. Eercauge pipe diamefers zre measured
and given as inslde diameters, and the wall
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fhickrass of the pipe smust be faken intc con-
sideration, the 3787 pipe thread tap in figure
3.6-43 is noticeably larzer than the 373" om-
chine thread tap. It should alzso be noted that
the pipe thresd tap is taper=d, Bul ihe machine
thregad fap is not,

The M. 2. T., which formerly stood for MNa-
tiemal Pipe Thread, is =till vsed as a carrvover
and now refers to the new name Ior the same
thread, American Standard Tager Pipe Thread.
This standard taper is 3/4"7 per foot.

To select the prower tap drill for the pipe
tap that wou will usze to tap 2 hole to take a

2 MarHINE
SCREW Tae

Firure 2.6-43.—Ceomparison of maching thread
tap and pipe thread tap.

given size of threaded pipe, refer to figure 2-6-
44, Tor example, if vou want to drill and tap
a hole io take a 3/8% pipe thread, find the 378"
pipe tap in the Pipe Tap Size column. Opposite
this, in the Tap Drill Size colume, is 157327,
the proper tap drill to use for a 376" pipe tap.
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2_f-ti - American Standard pipe tap
drill sizes.

To cut interna] oipe threads, drill a ta2p hole
in the stoek @0 he taeped and, ollowing the sug-
gested procedure for tapping machize threads
given elsewhere In this book under the heading
Cutring ¥achine Threads Wich Tags, run the
ripe t{ap inta thz tan hole., Xcotice that the firat
few threads on the pipe kzp ars grouand away.
This makes sfarcing eazier. Plenty of lard oil
ig ke sipndard lubricant jar 3fe2f, Tap covger

and brass with no lubricant. The depthto which
it i=s desirable to tap pipe Fhreads is wsually
determined by turning the threaded pipe into
the fapped heole for a trial. As shown in ficure
2-6-45, the last few threads on the pipe should
gtill be wisible when the pipe is drawn up tight
in fhe tapped hkole. Deference fo the kable in
firure 2-0-16 shows the valugs of dimension A
for various sizes of pipe up to I2'.
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Figure 2-6-40.—Length of thread on pipe
reguired 1o make a tight joint.
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Firure 2-8-45.—~Approximate ©.D. of standard
wrought irgn nipe,

The general sraciles intavping holas for cipe
threads iz to drill the prover size fap hole and
then start the gloe tap right into the tap nol=.
Some men recomrnend using a pipe reamer,
especially when large degp holes are to be
tapped. A pipe rgapmer has w0 2houe 4,20 ger
foot taper as = pipe tap. A =eapmed pipe tag
hole would have the z2zme shace as the nipe
tap, and therefore would make fapping #asisr
and reduce wear cn the tan,

COTTING ZXTERINAL PIYE THREALS

Tsually, borth ends of a pipe are threaded
=with external pipe threads. XNoties, fn all the
figures showing gipe thraads, thar they are V-
Shagerd, The sizpdard 372" fzper ger jocr of
pipe threads (s zgual o 1, 187 cerinch. There-
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fore, the taper of the threads on each side af
the pipe 1s 1/32"" faper per inch. This tapsr
cannot be chapged. This produces a tight joint.
The angle batween sides aof the threads ig BOF,
and ssveral threads oo the end of the pipe are
perfect threads. The next few have V-battoms
but fat tops, and the laszt few threads have
both flat tops and bottoms. Each aize of pipe
kas a certain aumber of threads per inch, built
into the pipe taps and dies,

Adjustable pipe dies have a refersnce mark
o each die which, when Iined up with the corre-
sponding reference mark an the die stock, will
give 2 standard-size thread, ¥ou adjust the
dies one way ar the other from the reference
mark to cut a thread with the fit you want,

Tao cut external threads on iron pipe, first
determine its nominal size. Kominal size
means the ‘“‘name sfze' of the pipe such as
l,-"'E", 3;"4”, and 50 on. Ex:EPt inn the sizes
below 1™, nominal sizes correspond closely
io inside diameters. For 1'" pipe and larger,
measure the 1.D. with your rule, to the closast
1/32", and you will have nominal size., For
gizas below 17, you can determine nominal
size by mmeasuring the 0D, to the nearest
1/32" and reading the correspanding naminal
gize on the chart in figure 2-6-46. This methgd
cah alsc be emploved for sizes 1" and above
in lieu of the [.I). measurement,

To begin cutting, put the die stock oo the
pipe s0 that the pipe passes through the puide
and enters the tapered faceofthe pipedie. Turn
the die stock clockwise for ripght-hand threads,
applying pressure only when starting. It {s oot
necessary to furn the die back and forth as you
do when cutting machine threads. Pipe-threading
dies can cut continuously because they eut only
#5 many threads an the pipe as thera are on the
die itself and becsuse there iF plenty of room in
a pipe die for the chips to escape. After the
die has taken hold, it will feed #self. When
cuiting fhreads on steel pipe, apply lard oil to
the pipe and die where the cutting is actu=lly
talrine plage. Confinue turning untii the end of
the pice has gons through the die and is flush
with the near face., Seeg figure 2-6-47.

2eB-47.~Threadine an external pipe
thread with a pipe die.

Fipgure

This w1l give you the lsngth of thread called
for in the table in figure 2-5-43. Notiee that,
in the ssserrbled pive joimt in fizvre 2-6-43,

several threads remain on both pipe and fittinz
to peprrsit further tighiening shoold a leal; deo
velop. Dimension A in figure 2-8-43 is the
lerngth of thread on pipe required bo male =
tight joint.

REAMING QFERATIONS

Reaming operations are johs that smoathly
enlarge drilled holes to 2n exact size apd finish
the bole at the same time. & hole that has heen
made by drilling is vsually slighily oversize,
This is quite satisfactory for holes in which
belts or rivels are rplaced. VYWhen greater ac-
curacy and 4 smooth finish are regquired, the
hole 1s fipst drilled undersize and then finished
by reaming. Heamers are also used to remove
burrs from fthe inside dizmeters of pine and
drilled holes.

Most reaming operztions are done by hand-
turning the reamer; however, some reamers
are designed for gperation on power machines.
MNever 152 a reamer that is designed for hand-
regming oo a power machive asthe handreamers
cannot withstand the higher speads.

REAMING A HOLE WITH A 50LI0O
STRAIGHT REAMER,

A zolid straight-hole reamerisused for most
work, since it is the most sceurate and rugoed

Figure Z-6-4B.—Using a fap wrench to turn =
hand reamer.

of the straight-hole reamers. The sirzighi-haole
hamdreamer is torned by means of a tap wrench
that is tightened on the sguareendofthe reamer
shank. ~{Feefiz. 2-B 4.} Baours the work in a
vise 50 that the hole to be reamedis perpendic-
ular to the top of the vise jaws. Position the
reamer at the top of the heole {fiz. 2-6-29),
Straignt-hole reamers have a slight raner ac
the end sc that they will [it into the hole eazily.
Turn the wrench cloclewise vesy slowly uniil
the reamer is centered in the hols.

After the reamer is centered in the hole,
turn the wrench cloekwise with z sigady firm
prassure until the reamer hss been Turnec z1l
the way through the hole, When reaming szesl,
uge ceiting oil or marchine oil ic lubricace the
tonl, When reaming soft o, da not Iubricate
the tooi. To remove the rezmer irom ihe hole
turn the wrench clockwise znd ralse the resmer
simultzneoesly.
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REAMER
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REAMER 2l STAAT
oF CUT

MATEALAL DEAMED
FRTA HAOLE
[EMLARTED TO ShCW
CUTTING ECAGE)

Figure a_f_49 _Reaming 2 hole with 3 straight
hole regamer.

Turning the wrench too fast or

too slowly will cause the reamer

to chatter, producing anunsvenly

reamsd hole.

MOTE:

[MSTALLING A TAFPER PIN

To install a tapered pin, refer to the blue-
print or drawing for the proper size of pin to
use. The size will be given as a mumber and
length in inches (see the table in fizure 2-6-30.}
For instance, a Mo, 3 pin 1 3/4" long mizht
be specified. Then, when you have the proper
pin, measure the diameter of its small end
apd drill a hole of that size through for ex-
ample, the hubk of a flange and a shaft while
the flange i3 in place on the shait. (See fig.
3.§-51.} Then sslect the same number of
tapered pin CEIINET, & ™o, 3 in this case,

Lk AXTRE 4r Lides Exn M, Laneen

Xa, e Fin T :
F] . o L !
h : "‘
: [HxAa L e ! Ha : LA 1
OO0 . Lo H e : " 1
: 004 L L i
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2 L5 Ma 14
3 T ¥ : 1% i
1 - T - 2 H
5 .28 e ary :
5 Ls LRET ] ' 3 |
1 L (N . o :
5 T 4 : e i
9 LAl "3z . R
1 .70 . 5
11 Jash g, |

[ [, 15 ]

13 1. 241 ; 155, . Ll
1 L 3% L, ' 1 !

Tipure 2-6-30.—Chart for Standard taper pias.

Ficure ?-6-52 shows specifications nl3
garious Sizes aof reamers. The specifications
civen oopasite the reamer nutrhers in the left-
hand column of the table in figurs 2-6-32 are
rhe dimensions of the reamers. The zmall
end of the reamer should just ent2r the hale
gou drill and, if the proper size of rearer has
been selected. iaz pia will I exaccy. Turn
the ‘tapered pin Tesyner With 2 tap wrench

Chap. 3

TAPER AN

Figure 2-6-3l.—A tapered gpin installed in a
shaft and flange.

———1
= = —
Ha, of Cameler Diometer
Taper el Large at Small L::Eﬂ'n

FPin Eag of End af Fluis
Bramar Reamar Reemar
10 00648 aale? 13014
6,0 QTENA GO&11 15016
50 09484 0.07? Y 316
4/0 otz | oose? | 1 5£1d
10 01302 ooy | 1 Sf1A
2.1 D. 1447 01117 1 /b
a o,1438 Q1287 [ 1 1108
1 01798 01447 1 1114
2 Q2008 21605 | T 15716
E| Q, 7394 a1%13 | T 5014
4 0.9404 020 1 8fd
5 0.9 Ay T 131146
[ 03540 02173 3 14/14
7 0450 03297 4 i
] Q5050 0397 | 3 318
Q 0,434 & 4805 & 114
19 a.T218 asTee | & 13}15

Figure 2-6-52.—Cha-t for diameters and lengih
of taper reamers.

slowly and in a clockwise directlan only, [ifk-
ing it out of the hole to clean away the chips
while it is sull turning.,  If you reverss the
direction of the reamer, chips may be wedged
benind its cutting edges, causing them o break.
Feam brass oy bub apply cuttine oil likerallw
when reaming steel. Try the taper pin in the
hole several times as the reaming prograsses.
Stap reaming when the pin profrudes the same
amount oo both sides of the fgb of the gear.
REMOVING BURRS WITH A PIF

REAMEHR

After a piecs of pipe bas been cof, the ends
chould be reammed ta ramove ihe burrthacis 1=
on the inszide of the nipe. This burr, if ndt ra-
moved, will restrict iz 0w of fluid in the
pine. Besides the reamezr lo frim the burr in-
side the plpe you will need a wise !ta bold the
pipe steady. Altzr making Jure the pipe is
heid firmly iz the vise, lnsert ithe reames in
the ead of the pipe and tuen the hapdls. iSze
fig. 2-3-51.) ZAgwarz the mandle of the TeaImer
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Figure 2.6-33;~Usging a pipe reamer toremove
burrs from pipe.

clockwise in shori even sirokes uptil the burrs
inside the cut plece of pipe are completely re-
moved., HRemove the reamer from the pipe
by rofating it elockwise.

CUTTING PIPE AND TUBING

Pipe cuatters are wsed fo cuf pipe made of
stesl, brass, copper, wrought iron, and lead.
Tube cutters are used to cut tubing made af
iron, steel, hrass, copper, and alaminum, The
gssential difference is that tubing has con-
siderably thinmer walls than piping. A cald
chisel znd hammer are used to cut pipe that
is made from east iron. If a pipe or tubing
eutter is not available, a hacksaw may be used
to gut either pipe or fubing,

CUTTING IRON BFIPE TO LENGTH
WITH 4 PIFE CUTTER

Before fou ecut pipe, make certain the re-
quired correct length is determined. There
are three metbods of measuring threaded pioe,
and you must understand these methods if the
plpe is to be cut {o the correct length. (See
fig, 2-6-54,)

The end-to-end method {ncludes measuring
tne threaded portions of ke pipe and measuring
he pipe from end to end, The end-to-center
method is used an 2 seetion of plpe that has a
fitting screwed on one end only; measure from
the free end of the pipe to the center of the
fitting at the other end of the pipe. Fhe center-
to-center method 15 used when both ends of the
pipe have fitfings; measure from the center of
one fittinrg ta the center of the other fitting at
the cppogite end of the pipa.

The approximate length of thread on 1/2-
ans 3/¢-inch wrought ironm or steel pipe is 373
inpch., On I-,1 L}/4-, and 1 1/2-inch pipe, it is
spproximrately 1 inch long. On 2- and 2 1/2-
inch pipe, the leagih of threzd is 2 1/B and
I 1/2 inches respectively.

'—-——— EMHO 7O EMD WEMELRE —-—-—la
I il
i
EMG TD CEMTER MEASUIE ——.—_-.1-1
1
i if
I

e H
HlzE

:—— CEMWTEL 1D CEMTER MELSUAL — iy

| — FITTING
It

-

Fipure 2-6-5¢.~Proper methods for measuring
pipe to desired lengths.

Ta determine the lenzth of pipe required,
take the measurement of installation such a=
center to center of the pipe requiring twno
fittings, DMeasure the size of the fittings as
shewn {n flgure 2-E-54. Subtract the total size
of the two fittings from the installation meas-
urerent: Weltiply the approximits thread Iength
by 2 and add the result to the length obtained.
Thiz will give the lensth of pipe required.

After the lergth of the pipe has been deter-
mined, measure the pipe and mark the spat
where the cut {5 10 be made with a scriber or
cravon.  Lock the pipe secursly in a pipe vise,

Inspect bhe cutter to Wake sure that there
are no nicks or burrs inthe cutting wheel. "Open
the Jaws of the cuotter by turning the handle
counterclockwise.  Faosition the eutter argund
the pipe at the marked polnf. Malke sure the
eniting wheel is exaetly on the mark and close
the jaws of the cutter lichtly acainst the pipe
by turning the cotter handle clockwiss. After
making contact, turn the cubler handle clock-
wise ong-fourth of a turn mora. This sill put
a bite on the pipe.

Graso the cutter handle and rotate the cutter
as wwholeone complete-revolution, swinging it
around Yhe pipe in the direction indicated in

T OFOMG wWHESL

Tizure 2-8-33.-Cutiing plpe with a pipe cuites
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goe-fourth af o turn more to take angther bite
on thz mipe and Totate the cutizr zncther com-
plets revalution, Xeep the cutier perpendicular
ta the pipz at all times or the wheel will nat
track properly, Repeat this operation until the
ripe is eut. Remove the smail shoulder on the
outsice of the gipe with a 3lle gnd ramave ine
hurr on the inside wiif & rearzer,

CUTTING METALLIC TUBING WITH
A TUBE CUTTER

Copper tubing is cre of the moast generally
ageed kinds of metallic tuhing readily cur with
a fube cutter. This cutter works the same as
a pipe cutter bui is smaller. To ot ibing,
olace the hibe cutter with ihe outting wheel on
the mark where the cut i5 to be made. Move
the suiting wheel into lizht contaect with the
tublug. See steg [ in figure 2-6-36. Then
swing the handle around the tubing 38 you feed

crEr . 3‘?: o
o Sy

SEAEW THE CUTTING WHEEL
LIGHTLY AGAINST THE TUAING

ROTATE THE CUTTER KEEFING A4 BJCIGHT
PRESSURE AGAINST THE CUTTING WHEEL
WITH THE SSAEW ADJUSTHEMNT.

Figure 2-6-36.—Gleps in cullinZ trbing with a
tube cutter.

the cutting wheel a little for 2ach revalution by
turping the screw adjustment. Different wall
thiclmesses, kinds, and diametzrs of metallic
tubing reguire different feeds. 3Siep 2, ligure
2_E_35 indicates the direction of rotation. The
fead wressure 15 eorrect when it keeps the
wheel cutting but daes not flatien the whing.
SAC-LP

. AQLLESR
| =
;T

REAMER

CUTTING -
WHEEL 1
I

S

. é i
; L

Figure 2-5-I7.-Cutling subing class ta Thebase
af a flare. 1.4

The design of same tubing cubters will per-
mit cutting off a flared end cloge to the tase of
the flare. [n flgure 2-8-357, notics bhe groove
ir the baclpo roller. Plaee the flare in this
groave 50 thar the cutting wheel rides at the
hase of the fare. Then cut aff the flare as you
would eut tubing.

Bures that form mey be similar ta those
formed when cuiting pipe. FEemave the Inside
hurr with the reamer attached to the tubing
cutter oppasite the nandle. Ses figure 2-6-34.

Figure 2-f-34.—Reaming the burrzfromapiers
of tuning,

In some cases a threg-cornered SCraper,
pocketimife blade, or round file may work
heiter than the reamer. Afler reaming clean
put the chips. Then remove any oulside burr
with a mill fila,

U3ING HACESAWS

Harksaws sre zmong the most useful fools
for cutting metzl. They may be either hand-
aperated or powsred by sleetricity. The power
hapksaw i5 a great time-and-lahor saver ina
shop where mich raetalwork is done, TIb will
cut much faster and meore accurately than can
usually be dope by hand,  When euling heavy
bars, the power packzaw can be started and
allowed to rur by itzelf winile other work is
being done in & * shab.

Like the file, howeyer, the hacksaw is ofien
used. improperly. Althoush it ean be used with
limited suecess by an inexperienced man, a
little thoughi apd study given to 133 proper use
will result in faster and better work and less
dulling and breaking of blades.

Good work with = hacksaw depends nob onlv
upnn the proger use of the saw, but also upon
the proper selection of the blades for the work
tn be done. Fizure 2-5-30 will help you select
the proper hlzds to use when sawing metal with
a haeksaw. Coarse blades with fewer teeib
per inch cut fasver and are less lintle ta choles
up with chigs. Howezwver, finer lades with

“more teeth per inch are necsssary whesn (hin

sections are being cur. The saleccion should
te made o thar, 25 saich Tagth siarts its cud,
ihe tooth ahaad of it il 56111 be cutfing.

To ma¥e the cuf, first insiail the biads in
the hacksaw frame ifig. 2-§-30) so that &
teeth point aw=ay from the harndle of the haeksaw.
fand haclsaws cut oh the push stroke, whereas
nower hacksaws oot ar the ool srroke. Tighien
the winrnuc so that the blade is definitely under
renzion. This halos make straizht eats,
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4 TEZTH PER [NCH

FOR LARGE SECTIONS
OF MILD MATERIAL

24 Te2TH PER INCH

18 TESTH PER INGH
[Fiiissd fe_“
f*’fﬂ'{fff' &

# £ ﬂ

b
Lo e

FCH LARGE SZCTIONS
OF TOUGH STEEL

A2 TEETH PER INCH

B
CCR ANGLE IRON, HEAVT

FOR THIN TUE
PIPE, BRASS, COPFER THIN TUBING

KEEP AT LEAST TWO TEETH CUTTING
TO AVOID THIS -

TRy

Figure Z—EHEG.mSélecting the proper hacksaw
blade.

Figurs 2-.4-81 —Proper way to Bold & beeksaw,

Hold the job in 2 vise with a minimum af
grerhang. This wiil reduce vibraticr, give a
mettar rui, and lengthen.the life of ipe blada.
Lave the lavout linz ouiside of the vise Jaw 56
that the line iz visible while ¥ou work. The
index finger of the rizht hand, pointed forvward,
aids lo suiding the frame. iS=ze fig. 2-6-81.)
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A srpoke is ope forward-and-back movamant of
the racksaw frawne. Let wour body swar shead
and nack with ezch stroke. Agaly pressirs on
the forazod seecke, which is the curiing siroke,
but no¢ on the return stroke. Froms 2010 30
strokes per minute i5 the usual =peed. Iong,
stow, sigady sirokes ave much preferrad,

g-g2.-—~Making a long cub near th=edgs
of staclk.

For long cuts (fig. 2-6-£2) rotacs the blade
in the [rame =o tkat the length of the cut is not
limiced by the denth of the frams. Hold the
work with the layout line close to the vise jaws,
raising the weork in the vise as the sawing pro-
ceads_

Saw thin metal as shown in fizure 2-5-62,
Noticz the long angle 2t which the blade entars
the a-w Lkerf. This permits several testh fo ba
cutring at the same time.

Figure 2-6-63,—Cuting thin metal with a
hacksaw,

“7atal which is too thin tobe held, os shown
in fizure -6-63, can b2 held hebween blocks of
wood, a5 shown ih {igdre 2-6-64. As shawt ic
figrrg ?-f-54a, the wood provides suppert Zov
several tzeth s they are cuiting. Withgu: the
wood, as shown at B in figure 2-8-83, tesfa
will be braken dJdue to excessive vinrstion of
the sfock and because individea! t==th kave B2
apsoch the full oowar of the strake.

Cut thin meia! with layour lines go the face
by using a oiece of wnod behind it (See fig.

P
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7.5-85.Y Hold the wood and the metal in the
faws of the wise, using a C-clawp in addition
when necessary. Lha woaod block helps support
the blade and produces a smaother eut. Using
tre wood only in back of the metal permits the
layqut lines o> G Seen.

CUTTING STAGKE ——m— n

AN
"o ELaMP S

WLLGREMN SLCCH

Figure 2-5-63.—Cutting thin mefal using woad
block with Iayout lnes.

Tn remove a frozen nut with a hacksaw, saw
inta the nutas shown in fizure 2-5-68, starting
the blade elose to the threads om the bolt or
stud and parallel to one face of thenut as shawn
in figure 2-5-£64A. Saw parallel to the bolt
until the teeth of the blade almost reach the
lockwasher. Lockwashers are hard and will
ruin hacksaw blades, o do not try to saw tham.
Figure 32-6-66B shows when to stap sawing.
Then, with a ccld chisel and hammer, remave
this poe side of the out completely by opsoing
the saw %werf. Put an adjustable wranch across
this nmew flat and the ome oppositz, and again
try to remove the frozen out. A3 very little
original metal remains on this one side of the
nut, the mut will either give or break away en-
tirely and permit its removal,

——

T JLE
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Fisure 2-§-86 . —Removing a froven nul wiln a
hacksaw,

Ta sa# o wide kerfinthe headof 2 cap screw
or machipe bolt, it the hard hacksaw frame
with two blzdes side by side, and with teath
lined up in the samedirection, With slow, stzacy
sicokes, saw the slot approximately cne-third
the thickness of the head of the cap serew 23
shawt in figurs 7-5-87. Such a slgt #1il permif
gubsequant helding or turning witha serawdriver
when it iy impassible, due to closz quarters,
use a wrench.

Xlgst gower hacksaws found in smell shous

will male 1 sgusre ouvi in stock wp o : by L.

inches arpd talke a standard 1%-in. pawer hack-
saw hiade. This size saw i3 Z2nerslly agerafed
kv a 1/3 horsececwzr zlectric molor. Power
hacksaws cut on the pull strake and autgmatic-
ally releasez the prz3surs an the backstroke.
The prassure igslizd on the cutting stroks (5
adjustanle.

As wiith hand hacisaws the blades shauld be
salected according o the kind of sawing o be
doge. Blades with 18 fzeth per imch are rec-
ommmended [ar cutiing thin seetions like angle
irom, pipe, and Tbing, and are gengrally guils
zatiffactory for gererzl work in the shoo.
Coarser taothed hlades with 14, or even 19
teeth per insh, r=ay be wsed for faster cuitting
in heavy stock. :

Some of the —ain poipis fo remember when
operating a power hacksay are:

1. &lways clamp e work securely in the
saw ¥isa.

2. RBefare steriing the saw, be surethe bhlade
is up and out of contact with the worlk, After
the blade is in zotion, let it down gently onio
the work, holding up on the handle slightly ta
reduse the pressure while the blade iz stasting
ke cut,

3. Always keeo the blade tight in the zaw
frame.

i Use a suitabls cutting pressure on the
blade, just enouvgh to keep it cutting wall.

5. Clamp the -»ark 50 that the Blade will
not have to cut siraighi across thin sections.

6. He sure wr insert the blades so that the
teath will polat in the direction of cutting.

7. Clamgp tha ang'e irons with the ridge vp,
Two ar more may be cut at the same time by
nesting them,

f. Do not pesh daown on the saw toadd pres-
zure to the blade. The teeth cin cul anly 2=
Past ag their size wiil permit,

9. Rup the s=w at the spesd recommenced
by the manufachorsc.

Figure 2-6-A7.—Cuting a wide karf in the head
cf a casscraw or bolb.

AISCELLAN=ZOU: ZE[LLS

A number of mizcsllanecus zills that ars
COMmIaon cannet be properiy
pategerized in eny of theforzgolng s=cilons. Tor
svamrle, skills ineroducsd in his section mos
require the usz of toois chatarenot vsed In such
operarions 45 culiing, Iviading, meaasuring, =i,
To accomplish zame of these s210E, acombina-
tion of sartice’sr meisrials, woois, and work

cothong 1 meemst.
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CLASECUTTING

Twy Elasscutiers 2re ganaraliv availablejor

One is the siafle wheel, fan-
al purpose type {fig. 2-7-1], while the other is
2-to Pioneh gircular capacity tvoe incocpo-
zfing 2 graduzted beawm (notillustraked}.

4 glasseutrer acivally does not eul zlass; it
splits if. I the wheel is sharp and if {5 drass
over the glass at the right spesd and pressure,
it males z %ne score or groove by =slighily
crashing or palvarizing the flass under the sdge
of the whesl, The beveled sidss of the wheel act
as wedges which push against the sidas of the
groove and pry the glass aparf sothata crack is
started. If a crack fails fo start in the cutting,
tap the scrateh or score with the ball end of the

glaszcurter to start a crack

Figure 2-T-1.—TUsing a glasscutter,

Belfore trying to make a finish cut In 2 plece
of glass, pet aserappiece and make several culs
on it.- This helps you discover the prover speed
and prassure that are required fo g2t 2 smocth
adra,

Ordinary window glass cowmes In two Ehick-
neases, single licht and double lght. Single
light is thinner and easisr to eut. Plate glass
up ta 1/4 inchinthickness can be et in the same
manner as ordinary window plass. Safety glass,
which conststs of two or more glass sheels
nemented together by a transpairent plastic, re-
guires special cutilng equipment.

AWARING STRAIGHT CUTS IN
DROINART GLASS

To make siraisht cuts in glass, follow the
steps shown in flgure 2-7-1. Tn scozing the
glazz, aold the glasseuder as you would a pen-
eil.  Draw the giasgeutier towzard you over the
surface of the glass.

To break a smzll piece of glass, grasp the
gieee in both nands with Phe seore mark up.
Ther push upward with your fingers baneath the
seore mark, and dowsoward with your thumbs,
The glass will brea% almost instanteneously
alorg the enbire scor2 marl

Straight cwws can alsg be made with the us=s
aof & strajghiedze, The straichtedge must ba
held Srmivy in place, Rhowever. Figure 2-T7-2
shows & siraighfedze held in placs with a pair
of € clamps, (ther means of holaing the
straighiedze o place are 2lso zocepiable, In
placing the sraightedse, maks allowanee for

-1

=

a

the faet that the whee® of the glasscutfer must
pass through the centzrs of the locating ma=ks,
Ther=fore, the =zpore mark wheh made will oe

a sifcht distanceefram bhe straightedse itself

3

STRAIGHT
GLASS EOGE
,

CUTTER

"Lt GLAMP

Fiqure 2-7-2.—Using a straightedre when
cutting glass,

Dip the end of the glasscutter Inkerasene hefore
drawing it 2eross the surface of the glags, Ap-
piy only light or medium pressure for glzs=thaf
is zbout 1/8-inch thick, Too much pressurg
will tend to chip the glass 2long both sides of
the zeeore marlk,.  The Score mark should be
only one barely visible line on the surfice of
the glass extending the entire distance from
edze 0 edge. bdake it in one pass. To go aver
it a second time may canse a0 uneven bresk,

Tor brea¥ing large shests of glass by seoting,
Lay the glass a5 shown in fizure 2-7-3A with
the scorz mark on the tocp surface. Then tap
the botiom surface just undesr the score nark.
using the kandle of the glassculter. This will
“'start’ the break -l that point althoush the
start mavy not be visihle.

"Then lay & plece of chalk line, or similar
cord, oo tha bench top toraise the glass slizhely,
and place the sgore meark right over it. (See
fig. 2-T-3B.] (In all glazz worl, the scare
mark is kept or the top face of the work.)
Carefully 2pply doweward pressuece ab points
B and €, figure 2-T-3B, on both sides of the
srore merk  The crack that you started by
tapping beneath one end of the score mark from
ithe bottom surfsace of the rlass will then almost
instartly follinw the score mark acrossthe width
of the shest leaving the btwo pieces of glass in

Figure 2-7-3.—Cufting large sheets of glzss.

the clear. When pressure at points B and C
sta=ts the crack on its way from A to D, bBot the
erack dees nol reach I then apply pressurs
pragTessively toward T, but always slightls be-
hind the peoint to which the ¢rack has rwen For
shors bresks, 2 mmaichstick can be substitured
for the cord -



Figure 2-7-4 shows 2 brezk coat did not
follaw the score mar' Whenthiz hoppens, grasp
the remaining piece with rlass plises richtupto
the score mark and carefully spply pressure
dowmward away from the score mark. A glass
pliers 15 a4 bread-nosed gifsvs. IF vou do not
have ¢lass pliers, uss erdinary plisrs. [T may
be necesszry to ‘nibble’ aff whatever scrdn
glass remaing if the first break f2ils to follgw
the entirs width of the glaszs,

Figure 2-7-4.—-Using pliers o aid inseparating
glags.

CUTTIIC GLASS TO A PATTERN

To out glass to a pattern, first lay out a full
size drawing gnoaper, macng certain the autling
is heawy and disiinef. Flace the drawing under
the vans of glass tp be cut. Cuf circles, ovals,
and curves By fricing them through the class
with the cutter wheel. TFor straighf lines, use
a2 gulde srch &s a woodsirip or a yardstick.

CUTTLRNG LAMINATED BAFTETY GLAST

To cur Iaminated zafely rlass, maks e scors
mark just a5 you would for ordinary glass and
oopen or 2nan the 2uf on ore si2e, Then turn the
sheet of glass aver an the bench tow and make
andther score mari exaccly opnosite the first
gne, and open this score markseparaialyfustaz
s would for unlaminated ¢ligs. Usa acord or
maichstirk io assist in weezking the glass U
M2oe55ary.

When Both glass faces ofthe laminaied safaty
glass have be=n s¢ored and cuf Or snapped, se-
curs the zlass ta the bench too as shown ia
fimure 2-7-3. Theno sull horizontally with glass
pliers or common eliers, -with pads af vubber
tn pratact the surface ovths glassirdmthe jaws.
YWhen the cut is apened Uy in chis wayp, cul s
laver of plastic *ith a rzzor blace as showm,
Dulling horizoacally prevects chipoing the edges
of the glass on the baram side which iz what
wauld haoeen ii tha e of the cut wsre opensd
up by bearing down opn the plisrs ratker than
pulling horizonally.

Far satlsfeciory cufiing,
glass mugt be 2f 3 lamperaturs 3 DPELWRST

4

and 117° T. Eowsver, to fasilifacs sirsrefing
the piastic =2 it ocam be Qur Wilh 2 TEZCT
blacda, omav L2 AR3-T-9 A
arpra abave to Tezn

Al3ECA FACS

Fioure 2-T-3.—Cutiing laminated safety rlasa.
scored and sharped, heat the plistie by immers-
ing the whole shest of glzss in kot water (1507
ta 1707 F) for a short geriod not to excced z
mwinute, Cut the plastie membrane cleas through
immediately wpen permoving rhe £i138 from the
bot water. Then wine the plaie dry and stand i
on [ts edme until it has cooled w alinost raoom
temperature. Do not attempt io burry the cool-
ing with 2 fan or gther mezans.

CUTTING GLAZSS TURING

Cne way to oot glass ubing, a5 showain fig-
ure 2-7-B, iz 16 score the surface with one for-
ward stroke of a threa-cornered file. The cor-
ner of a mill file -will also work well in the
absence of o three—gornered file. Make the
scope mark at right angles to the center line of

4 ﬁ THREE_CORNERED

Figure 2.7-3.—Cuming gliss tubing with a
thrze-coonered file.

the tuhe 50 ther tha wibe w1l snap sguarely
agrass,. Tao spap the tuhse, nlacd. it on the bench
tap with a m=zichsiick or weothpiex direccly be-
neath the scorz mark. Then, hglding one end
secarely, pres: Jo¥m on ine ather end and ne
snap will he imnpragiars.

If poszible, cue rlass wbing with fhe gazs
Det e 3100
eqllar o pernzic chs cuming wheel [0 beinserred
tne preruired Zizmanes inga the end o7 the whing
to make he oui where Ty wanl b, The haclun
shoe il ride oo the sveegide =uriace of e ibe
axacrly opnasiis
iz grvrexglias,
snarg cuniag W
‘o be our, becsuse
Hard, Apoiy prEsec
Flaszoalier wiDh
with tha cthen.

imzide 3 tha o
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Firare Z.7-1.=Using 2 rage glasscutier for
cutting plass fublogz.

To hreak the glass tubing =i the seore mark,
kold the glass in peth hands with yourthornbs at
the mark. {>ee fiz, 2-7-E.} Then pull against
vour thumb pressure znd away [rom fhe score
mark. On some glass tubing this method may
be more satisfactory than using a maichstick.

Ta temowve the sharp corners af the fresh
cut, hold the glass at the edge of the bench as
shown in fieure 2.7.9, then, with a piece of

Figure 2-7-8. -Breaking glass trbine at the
scored mark

Fieure 2-7-9%. —Smoothing the cot edge of plass
tubing.

erery cloth wrapped arpund a file, work your
way arpund the entire circrmierence of the tube
with forward strokes.

STHRIPPING INGTT ATED WIRE

Insulstion mav be stripped from wirk by using
one of geveral tools. Howaver, a pocketknifeor
sige euttine pllers ars generally used for this
waorl,

When using o pocketlmife far stripping insu-
latimn, heold the wire in one hand andthe knile in
ihe ather. Use vour themb o rell the wire over
the blade af the knife tocui the insulation almest
to the wire itzelf. (See figure 2-T-10A.) Then
pull off or “*strip'’ the snort piece of insulation
from the end of the wire, Berause any nick in
the wire will eventrally czuse 3 brezk, it is

important not to cut elezr throvoh the insclatiar,
By not cutling completely throughthe insulafion,
the blade of the knile pever comes inta contact
with the wire itsel?f, thuspreventing anroossiple
inJury to the surface of the wire. However, cut-
ting pearly throwsh the insulation weakens it
sutfieient]ly =5 that ths insulaticneanbe stricped
from the wire, Thismethod isnotrecommended
for stranded wire,

Another way to perfarm this ocperation {5,
%hile holding the wire in one hand and the pocket-
kmife in the other, hold the wire aguinst the kmifa
blade with your thumb and cut the insulation off
with several strodes ofthe blade, working around
the wire with each successive stroke. (See fig.
2-9-108.) Motige that the blade iz held almnst
ffat apainst the insulation. This low angle pre-
vents the hlade from ecutting into the wire itszif,
This method is pnot recommended for stranded
wire,

Ficure 2-7-10.-5Siripeing inswlated wire with a
pocket ¥nife.

Insulataed wire can be sirioped with the side
cutting wliers, a5 shown in figure 2-T-11, by
niclhinz the insulation all arourd, being careful
nef te break throesgh tothe wireiisel!, and strip-
ping the short length of insulation off the end of
the wire. XNotice that, in figure 2-7-114, the
man's index finger i wedged hetweenfhs handles
of the pliers close to the joint. Thies affords
better contral over the cutting edzes sothatthere
is less chance that the insulation will be broken
completely through. When the nick has been
made all around the wire, press your thumb
against the side of the pliers tobrealktpe insula-
tion at the niek and, without chenging thegrip of
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the pliers, siripiioffthe end. (Ses fig. 2- 1B
Care mus: be exercised to avoid culting oo Jfz2r
throuzh the *nsulation and nickirg the wire.

A

Figure 2-T-11. —Stripping insulated wire with
efide cutting plisrs.

Insulatsd =olid wire czn also be siripped 2=
shown in fizure 2-7-12. Startingatths erd of The
wire, grip and erush the insulation Derween iha
flat olaces on the tnside of the handles close !
the hinged joint. In figurs 2-7-124, the insula-
tion has bean crushed and the wre expossd,
Then, as shown i figure 2-7-12B, grasp the in-
sulaticn e¢lose to the esd of the grushed portion
and tear ff ci. Althouszh this mathod lzaves a
rather razged appearing end onthe remaining in-
sulation, there is no possibility of damaging e
wire.

BENDING AND FLARING METALLIC
TUBING

Exterrsl spring-type henders, ghown in G-
ure 2-7-13A. come in sizes to wend 1717,
5/16, 378", /167, 1/27, ard 5727 cutsice-
dlameter soft conger, aluminum, and ather soff
metaltic tubing. Ta bend tuking withhistyze af
terder, first select the sizg that w1l just siip
aver the size of tubing you want to hend. Then
glip it over the tubing so thai it cenisrs af thz
middle af the proposed hend. Grasg the bencsr
with bath hands and make the bend. 3oz I
2_7.13B.) The restraining action a 1he bender
w1l prevent the febing from collapeing ai e
bend and will produce a smooth curve., TS re-
move the bander, grasp the beiled end znd pull
it off the tobing.

Internal spring-iyoe beaders, showniniigurs
2.7-13C, come in sizes o bend }oEv, 1527,
and 3/8" ourside diameter mking, Thistoeczn
be esed whan Doto ends of a length of wubing ars

~
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Figure 2-7-12. —Stripping ingulated wire with
side cutting pliers.

flared and the exiernal type cannot be applisd.
To bend tubing with an iaterpal spring-type
pender, select the propar size bender and slipit
inside of the tubing. Insert it 30 that the cenie:
of its Iength isatthe center of the proposed pend.
Grasp the tubing with both hands and malke the
bhend, If the bendar sticks cuf of the end of the

tube nendars,

tubing, ramagve it by puiling it owt, Ifnet, re-
moTe it with a fish wire or other simpie mELns,

The hendar shown in Hgure 2-7-14 = 20
coen-sids mancrel ivpe. By opern-sidgismeant.
that ans szide i5 2pen sS4 that tag Lender can be
clacad on the fubing at env pointalang the length
af the tubing. The mandrel is the eircvlary cor-
Tion af the perder arqund which the tobird is




Figura 2-7-1¢. —Bending mubing with 2n open-
side prandrel type bender.

formed or bent. Thistype of bender i3 furnished
in 371677, 1/4", 5/16-, /A", and I/EY sizes.
Place the bender on the tubing at thenoint where
tha hend is reqguired. Figure 2-7-144 showsthe
zero ling oo the bender which fndicates the start
of the bend. Then close the bender, a5 shown in
fizure 2-T7-14B, and by bringirc your two hands
toward each other, bend the tubing around the
mandral until the index line onithe arm indicates
the angle of the bend yourequlre, Then open the
bender, as shown in figure 2-7-114 and remove
it frewn the tubing., For larger zizes of tubing
gimilar mandrel-tyoe benders are used. These

are gezred ior grestar plechanical advantage el

their gperation i5 basiceMy the same, .

Tube flzring 15 a method of forming the &nd
af 2 ecopper tube into a fuepbel shape 50 that it
ean be held by a2 threaded fitting., A partially
threaded flare nuf is flipged aver the tube, the
end of the tube 15 flarad, the flare {5 szated with
the inside of the flare against the end of a fittine
which has threads on the outside, apd then the
flarg put is screwed cota the filting, pushing
the ouiside of e flare ageinst the seating sur-
faece ol the Iitting,

The he-ilaring toal shown in figure 2-7-15
is on2 tipe which 15 commoealy used ta flare
copper wbing. To flaras the end of tublag, first
check to see that it haz heen out off squarely
and has = burrs removed irom bath inside and
omarside. Hemember ©o sltn the flare-nui oo the
fulse beforo you mavs the flare, Then, as siown
in fisurs 2-7-13A, ooen the flaring tool at the
diz which corresponds {0 the size ol the lubing
being flared. Insert the end ofthe tubingio nro-
truede slizhntlv zhove the top fzre of iha die Elocks.
The ameunt br which the tubing exiends above
the bloecks deiermines the finished diameter of
the flare. Tha flare moest be large erough so

-1%

Or trx

Figura 2-7-15. —Flaring meiailic tubing,
that it will seat properly against the fitting, hor
small enough 50 that the threads of the flare oot
will slide gvar b, Tou determine the correct
size by tridl-and-error. Then as shown in fig-
ure 2-7-153, ¢lose the die block and secure the
tool with the wing nut, Use the handle of the
voke to tighien the wing nut. Thehplacs the voks
over the end of the tubing (fig. 2-7-13C), and
tighien the handie to force the cone info the end
of the wiirg, The eompleted flare should he
slight'r visible above the face of'the die hlocks,

REMOVING BROKEN BOLTS ARD STULE

When the removal of a broken bolt or siud
from worls is required, use plenty of oflto focd
the parr being worked on. Pensiraving cil istas
mast eifeciive, Time permitting, soak the arss
for severzl hours or overnight. A week's soak-
ing may loasen 3 bLolt which would otherwiss
hava to he drilled ouf.

1f enough af the broken pisce protrudes from
the job, taltz hold of it with locking pliers, as
showr in figure 2-7-16, and carefullytrytoease
it put. The sm:aller sizes of holis are werv liz-
ble to twist off. If the bolt canaoi be furned,
further soaking with pensirating oil mav helg.

ryv_temovige the pligrs and jarring ithe halt
with lizht hammer blaws on the top and argund
the sides, This may loosen the threads sa ther
tha boit gan then ke removed with the lockicg
pliers,

irnez 2-7-15. —Removing a broken stud with
locking wliers.
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I* 3 bolt nas Lesgn broken Ofr (lish with the
surface of the ich, as shown in figure 2-7-17, it
is somerimas possible ta back it qut af the hole

with lichf hlows of aprickpunch e center puned.

Figure 2-7-17.—Remcving 2 broken haif with 4
prick muneh,

However, if the balt was broken dus 1o rusting,
thiz method will not Temova it I£ it cannol be
removed by careful punching first on one sids
and ther the other, a screw and bolt extractor
mav remave it. (See fig, 2-7-188.}

When nsing this extractor, file the hroken
portion of the bolt fo provids 2 smeoth surface
af the cenfer forapunch mark, ifpossible. Then
rarzfilly center ounch the exact center of the
holt {See fip, 2-7-144.]

Tigure 2-7-18. —5crew and nolt exiractors Jor
remaying booken studs.

Bafey ra figure 2-7-12 o szlect the prorer
drill size o use accoedirs o the size of the
hrolen Balt that 7ou ars ryiag o removs, I
passible, drill theough roe ent lepgrh of the
prolken bolc. Then carefully WOy scms pene-
srafing il thoough this hels so that it Fills rhe
pavity bensath the bolt anc fas a shanes ts wark
itz wav wpwards fram the botom of the Tl
The mors time vou let the penetrating oil wark
feqm borth snds af the oroken belt, the berizr
are your chances of remaving it

Wher eriliing a hale in a swud which nas
brokan off helow vhe surface of the giece which

irs

Wil
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drill guidis

When tha fole Aas bBeen drilled, and addi-
ienal penetraticz oil has had time to seak, out
ke spiral end of the zerew and bolt extractar
into rtha hale. 33t i frmlywitha few light ham-
mer blows and s2ours the fap wrench 25 shown
at B in figura 2-7-20. Carerully try o back the
broken bolt out of the hole, Turn che exfrastor
corntescloekwisa, Thiz bvpe of extractor tsde-
signed for right harnd threads only.

A screw and bolt exractor can sometimesTa
used to remove = socket-head capscrew, alao
called an Allen head eapscrew, when the sockel
has peen sivipped br thz allen wrench. {Seefig,
2.7-21.) When aftemgpring this remaval, care-
fully goind off the exd of the extractor =0 that
it will pot botioim befors the spiral bas nad a
chapnce to kaks hold, Figure 2-7-21E showzihis
apd clearance. In doing this grindingcperation,
greal care must be taken to keep the tempera-
ture of the exractor low enough so that the tip
can be napdled with the bare hands, Ifthe hard-
ness is drawn froun the tip of the exiracior by
avarhesting during e grinding, the extraciar
will nat taks hold.

i
L
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REMOVING 4 BROREX EOLT
AND RETAPPING HOLE

T remove a4 hraken bolt and refap cha hole,
file the bolt smooth, if pecassary, and cenfer-
punch it for drilling.

Then select a twist drill whichisa liftle less
than the tap-drill size for the particuldr bolt
thai has been broken. Asshowninfigure 2-7-22,
this drill will just about but not quite toech the
prests of the threads in the threadsd holz or the
raots of the threads on the threadedbolt, Care-
fully start drilling at the cepter puncn mark,
crovding the drill ene way or the other as net-
essary so bhat the hels will be drilled in the ex-
act centar of the holi. Thedrill inflgore 2-7-22
hzs almest drilled the remaining part of the bolt
2uay and will eventyaliv brezk through the bot-
tomr of tha bolt. “Yheno thls happens, allthat will
remain of the bolf will Yeachreaded shell. With
& prick pueh oo otier suitablsical, chip out and
remove ine [irst 2 or 3 threads, if peossible, at
the tow of the shall. Then carefully start a ta-
=gred lap into these =2verzl clean threads ahbd
continue tappins uniil the shellhasbeencutaway
and the ariginai shreads restorsd.

In cazes where e ldenrical size pioapsorew
or bolt i5 moc necessaryT asareplacement,
center-plach and deiil cub the old belo with a
drilt larger than the breoken balt, as zhown in
Hrure 2-7-234. Tag :he bpole first, and then

t it & podoming fap 43 suown in figure
Haplace #3th & largar 5iZe capscrezw

e
.

-1

AZMOVING & BROKEN
T2OM A BOLE

Ta -smove x oroksn ap romm a hele, Zensgr-
ously azply peretrating oil 2 the tap, »orking il
Aowm shrough the four fiutas inoothe Qola . Toen,
¥ opossinls, grasy rhe b oacrass ad lais ik

LY
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lExxra.cm- |1 Ussd For— ]| Use Drill Sire
. . I Nomiral Serew . . Dia., Inchas
Size No. | o Er;—lihizﬂg'tﬂ, | And Bolt Size, ;E?Em%l I;P_,e |
Inches | I, IDCREs |
1 1 2 P16 /e ] e 2’6
2 | 2 3/8 : 1/ - 316 |  —memeee- TEL
3 i 211/16 i af16- 18 1 emeemmes 1732
4 { 3 T/G- 8718 | eee—me- 174
3 i 33F 1 9/16- 374 1,4 177684
& 13/4 3/4 -1 /8 1372
1 4 1/8 1 -13/8 1/2 17442
B r ¢ 3/8 13/8 -13/4 3/4 13/18
a i 45/9 13/4 -2178 1 11413
10 , 5 2178 -21/2 11/4 1516
11 53/8 2172 -3 1172 I 5/1%
12 6174 3 -31/2 2 115716

o

Fimure 2-7-19, —Chart for scoew and bholt extractor,

My

= =
omLL  mes R EXTRACTOR
GUWOE  WRENCH

s
oty

2 :

S

Figurs 2-T-20. —Removing 2 swud broken off
belaw the surfaces.
Figure 2-7-22, —Removing & broken bals and
retapping hole {6 szme sizs,
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Figure 2-7-23. _Hemoving broken bolt &nc
retapping hole to lasgey sizs,

El

Tigure 2-7-21.—Rzmoving zn Allen kead cap-

' serew with a bolt exiractor.
laslkins-tyse pliers. This operation is shawn io
figure 2-7-2¢, Carefuily ease the tap out of the
nalg, sdding pereiraling oil as BeECESSAry.

If the tzs has broken off at the suriace af the
work, or siightly below the surface of the work,
the tap cxrractor shown infizdes 2-N-d mavIe-
mava it. Agzain, apply a Hoeral amount of pane-
trating oil to the Sroken tap. Place the tap ex-
teactor over the broken 1ap and lower the upper Tiowe 1_T_%4 _ Paravine o beoken rzo wizh
sollar to ingert the four siiding prangs dows Ineking puéﬁ_ F
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3. —Hemaving a broken fap with a
tep extractar.

into the foer flutes of the tap. Then slide the
baotignt collar down io the surface of the wark
50 that it will hold the prongs tightlvagaingst the
bodv of the extraetor. Tighten the tap wrench
on the sguare shznk of the extracror and care-
fully warle the extractor back and forthtoloosen
the {ap. It mav be necessary 0 Tomove ha aX-
tractor and strike a Zzwsharpblows witha amall
harniner and nin puneh iojar the baplogse. Then
rainzert the tap remgver and carefully I:r}' to
back the tap out of the hole,

Ezeh size of tap will require its ouwn size of
tap extracior. Tap extractors come in the fol-
lowing sizes: 174, 3/16%, 378", %/16", L/2",
g/16"", 578", 4/, 7/8Y, and 1,

When a tap- extraciar will ot remove 2
broden tap, it is cilen possible 1o do s0 by plac-
ing a hex nut aver the fap {fig. 2-7-26), ard plug
welding the nur to the tap with an arc welder,
Matice that the hole in the nut mostbe somewhat
smaller than the tzp bfo reducge the possibility
of welding the nut and {he tap to the job if=elf,
Allaw the weld tog cool befare trying to remave
the tap. When the nuot, tan, and job have come
te ropm temperature, it 13 often helplul'ta heat
quickly the immediate area around tha hale with
an oxyacetylene toreh. This aquiek heating ex-
pands the adjacent mstal of the warkalter which
the remayal of-<he Yao may be less difficult. I

PLUG wWELD —

AREA E“—\é‘zﬁ—l‘/ HEX MUy

£

ERDK-.
|JF'

o 2-7

T
=

=26, —Using z vlug weld to remove a
broken fap.

the heating is tco zlow, e tag will expand with
tke adjacent maetal of the work and there will
he no leassning eilect.

SOLDERING

soldering is us=d 2 foin mefzfic surlzces
such a5 cacpay, iton, nicksl, lead, tin, Zine, and
siomipae. ©isoardicwlarly usefulfnr securing
glectrirzl cornectfions, igining shesr meral ane

seiling 53275 ag=in =t lESRSET, Zoideren 1-..-;1"_5.‘7

—-13

ke joined,

are nat as stropg as welded joines, and 30 dre
not used -wwhers any great mechanical sirermgrth
is required. Zizctric saoldaring’ irons or ML
are widsely ussd for slecrrical connections, bot
saldering mav aisc be done with copoers which
do not hawve an eleszrical hezting element,
Soldering reguires relatively lible sguin-
ment. For moss eriny fohs, youwillnesd only
a gource of !1-33,:, 531deringcoppers. golosranda
oux. There are sevaraldiferanibvpasz of saldse
and znalder fluws=s psad. It is irm-
partant that yeou undarstand which solder and flox
to use when doing scldering jobs af any idpd,

SOUVRCES QF EZe7

The sources of heal vused for soldering with
R CoOpoEr Yary acceording to the mechod wsed and
the #auipment hztisavailanle, Welding torches,
blowtorehes, forges, gis ovens, furnaces, and
cther neating devices may be uzed to heat
soldering copeerd whieh are osed, in turno, to
heat the matal Seing soldared aad thus melt (ke
solder. Howsvers, the haading devicssars soms-
times used for direct hesting of the surfaces to
in rhis case, the solder is melted &
the heat from the haated suriaces,

New solderics canpers must he tinned {coated
with solder) before thev ars wsed, If you aver-
heat soldering cocozers they must be reiinned,
After continued use, filing, and reiicning, the tip
cf the copper tends tohacamea tooolunt ar sfubby,
A copper in this ceondifion {s meffeciive and
requires forging to =eshoge its Ein,

FORCING A SOLOERING COXEPET

‘dering eapper, first held the
coorer in = grioolng the cooper ifzelf
and noi tke hzadls. Then, with a coarse well-
ehaled Tfile, file thz {mur ijaces of the tip to re-
move anly the *“tin®™ which is the coatipg of
solder. The ¢h 11-: an the file heipa oo kaep hits
of solder and coswer {ram ouling the file igeth.
The coating of m:r!der is removed bhefore the
subzeguent heaiing for forging, becauss it would
ctherwise ¢ause a=2ep pits Ta form inthe ssrizes
of the copper when ihe capper 15 brougni um to
farsine temperature. To forge, heat the copper
to a dell-red hear T whatever mzans you have
available, noting e eolor under a spadad Light.
If heated ta a Zull-rsd a= viswed in sunlight or
other bright iizhr, it will have been overngared
o a depres which will couse andesirable pitting
of the surizce,

Then, referting o figure 2-7-27, {orga whe
caoper ta anproximately the tagar thatis showmn,
Too lang a ifaggs csus=sF the ip 0o co0! tog fast
in nse. Tap sher: 2 tiper Ado2s not producs
engueh surizecs 2rs2 o fransizr hear guickly
from the copges ta the work,

TIWNNING A SOIDEIMNG CORPER

To forge a =0
=

el s
=
LT,

If a solderic
iorged, it will =
in the visa zr:
phalioad fiis

2w adr hazjus: te
1‘1:*&::1 Ta do sa h 124
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remove  hamimer marks resulting from the
forging process and to rouand oif the sharp cor-
ners slightly., This i3 nat always regeired wheno
a tinhed copper iz to he refinoed, In=pection
will reveal if it {5 necessary. Then heoat the
capper hot engush so that it will readily melt
salder, This temperabirs will be far below ths
dull-rec forging temperature. Try meltine
salder with the copper {requently 2= it is being
heafed, ano as soon xs it will melt solder, it
is ready for tinning. ;

Aty

To tin the copper, first quickly dip it into a
jar of dipping sclution as shown in figure 2.5-25,
Dipping scletion is made by Jdissolving a half

| RAPID
MOTION

CERAMIC ||
OR LPPING

GLASS SOLUTION
Jagy

LY

Figure 2-T-28. —Cleaning a2 scldering copper.

¥

R
punce of powdared sal emmoniae.in a quart
of alean waier. 1f nons is avaflable in powdered
farm, scrapes encugh off 2 32l ammortae block.
Dip the copper guickiv—in and cut—ang anly an
inch deep. This quick dig produces a poff of
steam which, nieng with the chemical az¢tion of
the solution, “blews off'" any dirt and oxdes
gresent on the surface of the pointed end of the
eapoer, Motice thet the handle of the eopper is
held betwean the thumb angd index finger with
the cepper hanging weriiceily devwnward. This

affords good wrist action to assure & cuick dic
to remove tne oxides withoutzpprecianly coDlE.-:‘-_
the copper. )

Then, with the copper elezned (and =11 oo
Decausz 17 was dipped guickly imta the dipning
soiurion), rub each of its four faces op the sal
ammaniac olock as shows in figure 2-5-2% 344
ing gsoldsr from a2 roll of solid wire seldar or
fremm a bar as indieated in this dgurs. The sal
aimmonize will cause the solder to flow greriss
faces of the copper and tin them (ecat them with
solder). The coatingisbrizhtand shinvand vers
tiin. It enables the copper, wher in vse, to
pick up beads of solder which will adhere 1o its
surface for transfer to the su-face of the work
being saldered. Another imperfant funetion of
this tinned surfaes is to zidinthe ranid transfer
of heat from the eopper, through the tinning, 1o
the work.

SAL
AMOMNIAS
BLAGHK

Tigure 2-7-29,—Tinning a soldering copper.

Fhould any scum or dirt picked up from the
s2! ammoniac block remain on the tinged eopper
afiar the tinning process, brush it off =dth o
damp pad of cloth. The damp pad forms stean:
whicil, along with the rubbing contact of thepad,
will l2ave the point of the tinned copper bricht
and elean end ready [or use.

SOLIERS

Aaat soan solders are alloys of tia ang lead.
Oreasionally antimony, silver, arsenic, or bis-
takd ars addad to give special propesties woihe
solders. Solders used for jsfning slumirtmare
usially allgys of bin and zing gr of tin and cad-
mivm. As mentioned belore, soft =oldars have
meliting points belaw B00° ¥ znd below the mali-
tirz points of the metalsbeing joined. The mel-
ing points of most tin-lead golders rzage fom
abor 3507 F to about 463° F.

Tin-12ad =olsrs are wsu=lly identifizd oy
nambers which indicate the pereentazs oftinand
ths perosntage of lead, The first number gives
the percentage of tin, thz szoond gives the ger-
cemiags af lead, For example, a 20770 solder
iz zn gzlloy of d0 percant iz and 75 psreen:
lead, A 30730 solder [(sometimes called half-
end-half scider} s an alloy of T0pereent e ans
0 mareent lsad, 4 I15/83 solder is an allar af
15 pereent tin and A5 percentlzad. 3olders cao-
a high percentace of tin are more ex-
freo those conraining 3 high percaniacs

. -
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of lead. In general, the soldzrs which eentain
a high percentzge af tin have Iowaer melting
nmgints than those which contain a Righ percantage
of lead,

Splders are avallable in various forms, in-
cluding bars, wires, ngots, and powders, Wire
zoldar f5 available with or #itheut a flux gars.

FLUXES

Ta make a satisfactery joint, both the metal

to be joined aad the sslder must be iree of dirt,

grease, oxidzs, and otiler foreign matter which

would keep the solder from adhering to the mekal,
Fluxes are usad te clzan the joint arsa, to re-
move the oxide film which is normally present
an any metal, and to prevent further oxidation.
Fluxes alsp decrease the suriagae tansion of the
solder and thus maks the solder abetter wetiing
agant, Table 2-7-1 shows the fluxes that are gen-
erally nsed with some ooimmon metals,

Fluxes are generally classified as corrosive,
mildiy corrasgive, and noneorrosive,

Tahle 2-7-1.—Fluxes Used for Solderlng
Same Common Metals,

Metals Fluxes

Rosin

Tallow, Tosin

Borax, sal ammoniag
Zing ghloride

Zine ehloride
Stearine, special flux

Brass, copper, tin
Lead

Iran, stesl
Gazlvanized iran
Zine

Aluminug:

COREBEOIIVE FLUXES have the mosi effaciive
cleaning actlan. Howevar, any frace of corro-
give flux that remains on the work will causs
subsequent caorrosion of the metal. Therefore
corrosive fhrkeg are bt uwsed [or soldering
electrical coanections and for other work in
which subsequent corrosipn would present a
serious nrgblemn.

The mest eommonly 158d eorrosive fluxes
ars 5al ammonias (Romeooniogg chloridz land zine
chloride, These fluxes are irequenily used in
solution ar in paste form. The solvent is evap-
orated as the work is heated, leaving a laver of
golid flux gn the work. At the soldering tem-
perature, this layer af flux melts apd gartially
decomposes, lHoeraing hvdrochlorie acid. The

vorochlaric acid dissalves the oxides from tha
sutface of ths wark and from the soldar.

Zine ekloride (zometimes ealled CUT 22D
ar KILLED ACID) should e made up in small
aptounis, as reauirsd for use. To prapare zine
chlnrxde, paur a 5mzall amadunt of =uriatic acid
{rre commercial form of Aydrochloric acidlinte
a coohainer.  Then add pisces of zine fo the
muriarie zeid antil the liguid no longer boilsand
bubhles when the Zine fzaddsd. The zing ana the
apid gpter frto 2 chemical vesction which pro-
duces zine chloride and hvdrags=n gas, Whenthe
liguid no longer hoils and bubbles, the rzacdon
5 complete and e Mauid in the contminer 1s &3

l.'.:l

langer muriatic zcid; insiead, it is aow a salu-
tinn of zine chloride in walter.

Strain the zinc chloride solutionbefors uslny
it as a flux. Any solucion which 13 nof used
lminediacely showld be stored in a dghtly secled
flass oonfainer.

Certain precactions must e observed inpre-
paring zine chloride. Do oet inhale the romes
riven off by muriatic azid or by the miaurs of
muriatic acid and zine; thegs Mmes are Injurious
tg personnel asd corrosive to metals. Do not
prepare zine ckioride ina cleged zpace. Hydoo-
cen- gas i5 lineraied is the zine raacts chami-
eally with the muriatie aeid. HYDROQGEXN IS
VIOLENTLY EXPLOSVE! Zine chloride shovld
always be prepared OUT in the dapen or very neir
openings to the outside, to minimize the dange
gf explasion. Also, precautions should e i:aken
tn prevent flitnes or sparks irom comingineon-
cack with the liberaisd Wydoogen.

Apother tyge of corrosive {ux Hiat you may
use is kmewn as SOLDERING SALTE. Commer-
cizlly presared scldering salts dre usually fur-
nished in powder form; the powder {5 dissolved
in water to mezke a solution.

When a corrasive duxw has been usad for sol-
dering, the flux residee showld be remaved irem
the work as pormalately as possible, ¥osr cor-
rosive fluxes sz soiuble in waler; washing the
work with soap and warer ard then rinsing thor-
oughly with clear water uzually removes (hs
restdue of corrasive {fluxes. This cleaning
showld be done immedlatelv after the goldering
has Baen camplzisd,

MILDLY CGPROSTVE FLUXES suchas «ifric
acid in water are sometitnes used or saldering,
Theze fLuxes have some advenlagss of the nmore
stronrly corrosive [lwes and some advantages
gf the nancorrczive Iluxes. The mildly corro-
sive Muxes clespn tha =surfaces of the work but
dn not leave a stronzly corrogive residwe, HE0AYy
corrogsive fluxasarz generally used for soldering
rarts which con ke rinsed with water afiar they
have bean scldered, or for work in wkich a
mildly carcogive residue can be Inlerated.

NONCORROSIYE TLUKES are used for sal-
derirg elsctrics! eanpections and for other work
which must be comalarely protecisd fram any
trace of corrasive rasidie, Apsib is the masc
cocimanly used nsnesrrosive fut, In the solid
grate, rosin is inactive and nonearrosive. When
it i hzated, it hacomes safficiently active &g
rediee the oXices on the hot metaland thus per-
fopm the fluxing zetion. Rosin mnay bz aflainsg
in tha form af sowder, gaste, ar liguid,

Rosin fluxegs irszguznrly lasve a browm sisin
on the spidered miarzl,  This stain is diZficelr
ro temove, ot itcankbe orevenied [0 30me 2xTenr
by eddice 3 small emovnt of Durpeniing e
resin, Glvcerine is sometimes added io the

rosin b0 make the oy move sifpctive,

METEODS OF zQLIDE2 TG

The thres oldsring methods thal sau are
mast liksly 0 w52 2are 71) saldering “with cope
(2] mrch =2 and 13 salderving by




The following general considersticons agply
to most msthods of saldering:

1, Be sure chat all su—oces to be spldered
are clean and free of oxide, diri, srease, or
other foreign matier.

2. Uss a {lux which is agoropriate far the
particular jab. Same work ssquires the use of
gorrasive fluxes, whils other worlk regquires the
uge af poncorresive fivwes, Remember that the
melting volnt of the flux must be BELOW the
melting point of the particular type aof soldar
vgu are going fo use,

Jd. Hezt the surfzces just enough to melt the
salder. Solder will net stick to unheated sur-
faces. However, vou should be vary careful pot
to overheat salder, saldering ecoppers, or sur-
faces to ke joined. It general, solder should
not be heated much above the working rempera-
ture. As the temperatures ¢f maolten sclder is
inereased, the raie of oxidation is increased.
When molten =older i{s overheaied in zir, more
tin than lead i5 lost by oxidation. Ary seum
formed by oxidation must be skimmed off and
discarded. This skimming process changes tha
proportions of tin and laad remaining inthe rest
of the solder, Since tin and jead cdize at dif-
ferent rates. “When solder riust he melted and
than carried some distance to the work, it is
necessary to heat the sqgldar fo a temperature
5lightly higher than the working temperature.
If solder is heated in this manner, pratect the
surface from oxidation by coverlaz it with a
protective mixture of powderedborax, charecal,
and soda,

4. After meaking a soldered joint, remaoveas
much af the corrogive flux as possible. Ideally,
all of the corrosive flux should be removed,
In practice, however, It may net be possible to
rezmove all traces of the flux,

SOLDERING GHEET METAL

Cne way to solder sheet mefal is shown in
figrre 2-9-30. In figure 2-7-304, vou ses flux
being applisd to a lapped seamm with a zmall
brisile brush. The fhx i= zpplied to both sur-
faces tiat are to come into contact, and Goth
surfaces oiften must be mechanically clsansd
first. This wmeans that they must he filed,

seraped, or cleaned with abrasive cloth mfl”

they are bright. The fiux then cleans them
chemipally tqg remove axides. In additton w
clzaning the surfaca, the flux will retayd frorther
oxidatico and help the solder to flow over the
surizces being joinad, Theusual Juxfor tinplaks
is rosin =pplisd as 2 powder to bBe sprinklad
onor as the coreofrosineore wire solder. The
usual Tux for shest metal having 2 coating of
zing (often called galvarized iron) iszine chlor-
ide, This is an acid sometimes ealled “icut
acid” or “killed zeid't and i made by addipg
zinc, a Litls af a time &0 hydrochlaric acid,
unti! the acid stops working chemically on zine,
The acid 5 then s2id to be "cut' or “killed.”
A few exfra pieces of zine are usually added to
be sure the action is completely stooped. Affer
standing overnight th2 liguid is poured through
a rag v sirsin oot the residus before it B used

Beam.

25 a fvx. Hydrochlorie actd is loovwq eoms-
mercizlly as muriatic acid and soretires as
Yraw acid.)!

Tiguere 2-7-30, —Soidering shest metal,

¥ galvznized metal is being soldered, cut
byvdrachloric =cid (zing chlaride) marhevsedas
a fiixe onlv If the scldering is far the rurpose
of making the gseam alr- and water-tiznt The
meshanica?! skrencth of such a seam must be
obizined by riveting or other messns surh as
gyogving the seam before the zoldering is done.
Soldering adds little o the strengih of the seam
hecause it adheras conly to the coating of zice
fthe galvanizing) which itself has wvery Himited
adherance to the tase metal of the sheet. When
Sirenginl is necessary, and mechanigal mzans
carnot be used, use muristic aaid lnstess aof
zine chloride as a fux before applying  the
solder. This agid will rergve the coaiing of zinc
on fhe galvanized Iron 39 that the =soldsr can
actherse directly to the base metal of the sheet
and give a siromg boad. Be very careful not
to splatier muriatie acid oo your clothing or on
the job, H a drop of acid zets on the job whare
it shoudd not be, it will remave the protective
coatne of zing at that place.  IF this Lappens,
te sure to flow a lifvle solder owvar the mets! io
tin the area dand restore the provection, Simi-
larly, when using murlatic acid, B2 sure that
you ilow solder over the enfire area gf the base
metal where the galvaniring has been eafsn
away toc restore the prefection to the meial,
This is done while soldering, and means wou
sgmetimes must dow more solder oo ths base
metal thzn would actually be n=gded for {h=

When fivx hes been apniizd to beih surfaces,
put fhem tngeiher as shown in figure 2-T-13E.
Place baads of solder along the joint By meliing
thern aff the end of 2 bar of solder right onta the
joint or by melfing them on the szl apcronizg

ook and putliog them In clace, after thew have
cogisd, with vour fingers, Thasedrogs or beeds
of solder will flaw into the s2am whenthe metal
iz heated.

Then, as shown In Ikgure 2-7-30C, hoid the
metal together with a siick of wooo {(which Iz 2
zood heat insulator) and place the heziedoooner
with one face flat on the seam. The enlirs facs
musi be in countazct to provide the greatas:
possibiz Dow of heatfrom the copper tothe waric
Hizld it there uxziil thez nearest bead of sgidzr
bagins to melt apnd flow, as {v will, inwg and
throegh the joimd, [orming 2 smell fillsl, =23

ot
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shiown in the inset of fgure 2-7-30, cnboth sidea
af the seam. In the insertthe metal is shown as
saparated a hit only bo fndieate that the soloer
is cantinuous through the entire lapped seam.
Then, maintaining contact with e meal, slowly
draw the copoer alorg tke lengih of the seam
at the speed mecessary for it tg melt the beads
of =older. “When the solder near the stick of
wood Freezes {solidifies), it will hold the joint
cnd the stick can be moved ahead. Peheat the
comper, 0r fakz andther heated copper, when it
no longer melkts the solder readily.

Bememizer that the hot copper heals the
metal waich in turn melts the saolder which
ihen flows through the entire Seam. Drapoing
soldar along the seam by helding the copper
against a bar of solder in the air a few inches
showe the seam s aot goad soldering. However,
feading the solder to the heatsd mefal fneatad
with the hat eoopar) which vou are soldaring,
from a coil of wire solder or 2 bar of bar
solder, rather than placing beads along the
seam, i3 another correct way of golderine.

A thorough washing with soda and water affer
the soldering 15 completed will remove any ré-
maining flux and prevent corrosicn that wonld
clherwise occur.

SOLOERING AN ELECTRICAL
COWMECTION

To salder electrical connzctions, figure
2-7-31, use rosin core solder. The reason for
thiz is that acid core solder, or scid applied
with = brush, is usually difficuli or impessible
to wash off electrical geawr. Any acld fux that
rerains from the soldering operation cavses
subsequent corrosion which cannet ha tolerated.
Whan new wire i2 belpg saldered, no mechanical
cleening, such as scraplng, is necessary. old
wire, which may hawe a heawy coating of oxide
an it= surface, or from which the insulation does
not strip off cleanly, may nesd to be scraped
with 2 mife until it is bright and clezan.

AGSIN CORE

conneckinil.

To saolder elecizical connections, hold the
soldering iron (copper] benszth the solice being
soldered with as much mechanical contact 2s
possible fo permitmaximum heatiransfer. Azaly
ine rosin core soléer o ths splice. The tirning
on the solésting frap aids the fransisr of heas

ra tne sciicsd wire cwhich, when oot gnsuga,

will melt the selder. Before this temperatiure
iz reached the rasin ore will have melted
and run ot ovsr tha wire fo fhac the solice.
When the solder has <oated the splice com-
oletaly, the fob is fnished. Mo extrz solder
iz neaded.

NOTE. —The tsrm *‘soldering iron' is ussd
nere berause, when this tosl b5 electrieally
heatad with its owr leziing element, it isusually
called ap “firen’” rathsy thana ffoopper.”” This
tyoe i3 generally used on glectrical gear. How-
ewer, hoth ‘"iron'’ and *‘eopper’” ars somstlimes
used interchangenbly for che tool used for sol-
dering.

TORCH SOLDERING

Toreh solderiag iz often used for small jobs
or for wark which is relatively hard fo reach.
A gasaline blowiorch ar an alechadl torch may
e used for torch sold=aring.

The general procedurs {or torehaoldering is
to play the flames from the torch on to the sur-
fapes to be jpined and then apnly ¢old saldar in
bar nr wire form. The heabed suriaces will melt
the solder. As ths sclder mells, any aRcess
solder should e wiped off with a darap ciath be-
fore it completely herdens.

SOLNERIMG BY SWEATING

Soldering by sweating is frequently used for
making electrica! connsctions. To make a
sweated joint, clean and flux each surfzce ta be
jotned. . Then tin e=ch sarface. Haold the pleces
firtnly together zid he=i the joint with a golder-
ing copper or with a torch untilthe solder melts
and begins to run out. Pemove the source of
hezt and haold ths par:s [irmly in position until
the solder complatialy hardens.

SOLDERRNG ALTUAIINT M ALLOYS

Soldering aluminum alloys is more difficult
then sgldering msay other metals. The difiiculty
arises largelv from the fzct that aluminum al-
lays are al#ays covered with 2 laysr ol oxide,
the thickness of :he lavsr depanding on the tyoe
of atlov and the conditicns to which it has bgen
gxposed, )

Many aluminuss ailsys can be suscsssiuly
soldered, however, [f 152 oropsr LEchiigues ars
used, Wrowsht atwmincs: alloys are egaalls—
althoush not always—zzsisr 10 soidar than oast
aluminm allgvs. Heatetreatsdaluminumaliors
are axiremely ¢iffioulit oo solder, as are aluml
nutn allnys cgmizinizgy more fhan 1 i
magnesian.

The solders uvzes Zor =cldaring aluminem
ziloys are gener=z!ly iis-zine cr tip-gadmico
allars; they ars o rred to as ALL-
AIINTAL SOLDERE. i
highier melfing coines
used for ordipary solosring.,
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clean the surfaces completely and rswmove the
layer of oxide. If a thicklaverof oxide is pres-
ent, removs the main part of it meckanically
bw filing, scraping, sanding, or wirsbushing,
A thin layer of oxide can offen be removed by
ufing a corrogive o the flux, of course,
must be complstely removed from the joint after
the sobdering is finished.

After cleaning and fiuxing the surfaces, tin
the surfaces with aluminum solder, Apuly flux
tn the work surfaces and to the solder. You
ean tin the surfaces with a soldering copper or
with a toreh. If vou wse a torch, do oot apnly
heat directly to the work =urfaces, to the 5a0l-
der, or to the flux. Instsad, piar the torch on 2
pearby part of the work and let the heat be
conducted through the metal to the work area.
Do not use any more beat than is necessary to
melt the sclder znd tin the supfares. Work the
aluminorn solder well into the surfaces. After
the surfaces have bezan tinned, the parts may be
sweafted together,

A procedure that is somefimes used for
saldering aluminum alloys is to tin the surfaces
with an alumfnum sorlder and then tousea remi-
lar tin-lead solder toc acbuzlly join the binned
surfaces. This procedure may be used whenthe
ghape of the parts prevenis the use of the sweai-
ing method or when a large amouent of solder is
required to joia the parts. ¥When usingtin-lead
golder with sluminum snlder, itiznotnecessary
o vse a e

Ancther method of scldsring aluminum iz by
“frigtion soldering, ™ Inthis method, 2 molten
pocd of soldar 15 deposited on the aluminurm.
The surface aof the alurninum underngath the
mpiten pool i2 scratched sothat the oxide ecating

“is abraded and broken up. The oxide floats to

the surface of the solder puddle. The solder then
tins the bare aluminum surfsce from which the
oxide his been remeved. After suchtinring, two
aivuminuin surfacss can edasily be joined by ap-
plying heat to melradditional solder onthetinned
area to form a %iTlei or to 711) the {oint.

Although mill filas, soldering rods, soldering
copper poinfs, and other tools or devices may
be used to abrade the oxdde filz; =nd remove it
from the surface of the aluminum, the best de-
vica for this purpose 1sagizss fiver briegh, The
brusn is very egasvy to use and is more affective
than other toois in hrezlkinz up the oxide film,
When a glass fiber brush 1s used, the frictice
gpldering process predtcss belier sSoldered
joints than are produced by any ofher aluminum
soldering progess,

REIVETENG METAL
After metal kas been cut and formed, it must
be joined together. Xinst sheel metal sgamsare
either loclked or rivetsd, although sore are
jolned by brazing or welding, Thlgszetiondeals
only with joining shest metal seams by riveting.
SCLECTING TEE DROPER EIVET

Rivets are avallabis In all of the comemon

metais, in many lengihs and in mresvdiamers-s,
Enme of the standard head bypes =2:2 shown in
figure 2.7-32, '

T Uou

AKE RCIND TOR BUTTGH TALSS
HEAD COUMTEREUKRK HEAD  HEAD HEAD
‘D:) ;!_]
PAM FL&T ToP FLAT TINNERE'
HELD  COUNTERSUMNK HEAD  HEAD RIVEY

rlgurs Z.7.32,_5ome comman types of rivets,

The praper lensih of rivet to use fo- =
particulzar job is determined by adding to the
grio one and cne-half times the Tivet diameter.,
{See fig, 2-T-33C.) This will provide enough
metal e farm 4 second ""head™ at the end of the
rivet iz, 2-9-33A) or to fill the counferzunk
wortion of the hole for flush surfaces z= shown
in figure 2-T-353B. The grip, =5 shownin fipure
2-T-3%, is always measured {rom face to Face
af the wark, regardless of tha‘type of pivel,

Trr rivet metzl, salect the rivet of the
proesr wsatzl, type of head, and lengih for tha
job, 2nd the right diameter.

b G| P =t
B GRIF |
CLERGTH—
A T
b GRIF—— I-—-—-J -—E:\""@ ia.
=1
Cl:,‘[—' _ﬁ}‘F_—DmMErER
'r-—LEHETH-—vh £
B

Figere 2-T-38, —Showing wizat i3 meant by
Herip’' of a rivet.

RIVETING SHEET LIETAL

For shzst metal work, vor will probable use
tianers’ rivets mors than any ofher lkind
Tinrcers’ rivets very in size fram the B.ounce
rivet to the l6-pound rivet. Thiz size dasic-
naticn Indicafes the weight of 1000 rivels: thos,
ir 1000 rivats weirh 4 cunoes, esch rivet is
called an B-cunce rivet 25 the welghi per
1000 rivets increases, the diameter aad len'gi‘r-.
of the rivats slso ingrease. Tor example, the
B-ounce rivat has 2 diameter of 0.05% inch and
a lamgth of 5'2F inch, while the 12-pound rivat
haz & dizmeter of 0,235 inch and a lepgth of
1/2 inch.  For special jobs that reguire fas-
tening several lavers of metal together, special
rivets with extra lonz shanis are used. Tabls
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Figure 2-7-34, ~Drawing, upsetting, and heading a rivel.

2_7_2 is a guide for s=electing rivets of the
praper sige for sheet matal wrark,

Hivet spacing is usually given on the blue-
print or drawing that vou are workdng from:.
I tha spacing is rot indicated, space the rivels
according to ihe servies conditions the seam

Table 2-7-2. —Guide for Selacting Rivet Size
for Sheet Metal YWorl.

Rivet size
Gage of {wedght in pounds
shest metal per 1000 rivets)
26 1
24 2
22 21/2
20 K|
18 1174
16 :

must withstand., Tor exzmple, if the sgammust
be watertizht, you will need many maore rivets
per ipch than i the ssam does nat need to be
waterkight. Mo matter how far apart the rivets
are, there must be a distance of ai least 2 1/2
tiges the rivet diameter between the rivets gnd
the edze of tha sheet, as measared frop the
center of the rivet holes tothe sdze of the sheet.

After you have detsroiinsd the slze and spec-
fng of the riveis, markthe location of the enters
af the rivet holes. Thsn pierce the metal by
punching or drilllng 2 small hole.  The hole
must b= slightly Iarger than the diameter of the
rivet to provige @ slight clearance.

Riveting invelves three opecations: drewiag,
upsetting, =nd heading. These are ilusiraied in
fizure 2-7-34. Arivet=zetandarivebing hammer
are used bo perforo these operaticns. The ora-
cedure for riveting sheet metal {5 as follows:

1. Selact a rivet sst that has a hele slightly
larger thain *he diameter of tha rived

2 Ingerht the riwsis in the holes and rest
the sheets to be joined on a stake or on 2 Solid
nench ton, with the rivet heads 2gainst the siake
or nensn oo,

3. Draw the sheets tozether by placiee the
deep hale of ths rivet sst ower the rivef and
strilding the head of the set with a riveting
hammer. Lse = lizht hammer for smaller
rivets, a hesvisr nammer for larger rivets.

4. When ihe shests have been propacly
drawn togsthzr, remove the riyet sef. Sirike
the end of the Tivet LIGHTLY with the riveting
hamner, to upset the end of the rivet. Do not
strike too hard a blow, as this would distort
the metal arousd the rivet hold,

5. Place the heading die [dished part) of the
vivet set ower the upset end of the rivet and
form the bhead. Cme or twobharamer blows oo the
haad of the rivet s&t will be encugh io form
the head on tha sivet

A correctly drawn, upset, and headsd rivet
ig shown in the top part of fiture 2-7-33. The
lower part of this illustration shows the reselts
af incorrest riveting.

When i is nacessery to rivet a seamin such
a position that you cannot use a stakeor a bench
tow to back up the rivet, a hand dglly maxr be
used as shown in fizure I-7-36,

CORRECT RIVETING

4 T L
[y, ho-m— R PR
2. UPEET 2 HEADEO

MEND TOD MM~
I, Sy,
= =g
RIVET ACT SRASN SHEEYE MOT OREWA
TRAUBLES

[ P 1 s

Figurs 2-7-13. ~Correct and incorrect
riveting.

Figurg 2-7-38. ~Using a hand dolly o0 back oy
Tivels.



BIVETEYG A SEAM TN A
CYLINDRICAL SnCTION

Ta Tivet a seam in a c¥lindsical sirugiurs
cuch zz the one shown in [igure Z2-7-17, use a
hollow mandre] stake or some other suitabls
bar as backing for the riveis, The procedurs
for rivefing s seam In z gylindsr iz 25 follows:

1. Imsert rivets in the end holes, and siip
the pieces over the stake or bear.

2. Draw the seams iogether and upset the
end rivets eneurh to hold the structure together.

3. Insert the center rivet, Draw, up=et, and
haad this rivert.

4, Complete the seam by riveting from the
center fo one end and then to the other &nd.
Complete the drawing upsetting, znd beading
of each rilvet as you work along the seam.

EHD RIVET UPSET

CEMTER RIVET FORMED

Figure 2-7-37. —Riveting 2 seam ina
cylindrical section.

BRIVETING METAL, GELNG LARGE BIVETS

To rivet metal with rivetstoolarge to permit
the uze of a rpivet set, sak the rivat by siriking
the metal arcund the rivet with a hammer (fig.
2_7.33) or bv sirikinz = punch {fig. 2-7-338)
while working it apound the rivet to foree the
twa pieces of wmetal together andagalnstthe head
of the rivel, Then mushroomthe rivet, as shown
in fizure 2-T-3BC, using several flat blows if
necessaTy With the face of the hammer, Finally,
to zive the mauoshroom a rounded form, work
zrovnd it with theball prenof the hammer, strik-
ing angled blowe uniil a second head is formed
{See fiz, 2-T-38D0.)

Te upset (mushroom or flatten) rivets when
the secand head is to be 2 countersunk head,
cauntersink the stock and inszrt the rivet 25
ghown in Tigure Z-7-5394  After setting the

Figure 2-7-2&, =Hiveling metsl, using lzrga
Tivets.

Tigere 2-7-39. —TUpsetting a rivet that is
countersunlk
rivet, either with or without a rivet set, striks
the mivef with the face of the hammer to force
the meial into the countersun’ hole. In fizure
2-7=338 the rivet was just the right lengih fo
filt the coontersunk hole. A tog-shart rivet will
nat fill the countersunk; hole and atoo-lone viver
can e left slizghily hizh or be filed, round, or
ofherwise cul flushwiththe surfaceifnacessary.

STAMPING LETTERS AND FIGURES QW
METAL

To gtamp lesfers spd figures on fercrovs
metal {zast iron or steel), first test it witha
gharp mill flle. I a sharp will file will “lake
hold”' ard cul the metal, this indicat=s thzt the
sucface is soft enough to stamp withoui damaging
the steel letiers snd figures used for stamping.
Wondferrous metals are safe ta stamn without
testinz, They zre—even Wwhen hest treafed—
softer than the =teel letters and figures.

Eraw z guideling on the job snd follow it as
you gsiamy edch letier and ffgure just above the
line (See fiz. 2-7-40,) Feld the steel letier o
flzuee bebween yoor thumb and twe fingers aad
strike ecaly one blow for ezch imwressicn. To
determine how herd to sirice the tool wiih the
naremer, tmake & ftrizl ron on a fest piecs of
the same 1

e A
Lt T
RS

Fipere 3-7-20, =Sizmainr lefiers and civels o2
metal,
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Beview Ougstions

1.
2.
3.
b
S.

27,
23,
26,
5.
24,
7.
23,
Z9.
3.
L.
3.
33.
3,
as.
26,

7.

33.
9.
L.
&1,
&2,
&3,

Uow are most metal-headed haomers clasgifi=d az to sizel
What materisls are heads of soft-faced nammers gepz-ally made of?
A combloaticn-wranch is a2 cozbination of what twa types of wranches?
Why should g wreach be pulled rather than nushed?
What type of wrench may a hasaer be used on?
[luder what coaditioms would a targue wrench be used?
"hat information should be availablz before using =z torque wrench?
What is generally considerad to be tha best all-around wreach for Light work?
What is the purpose of spanmer wrenchaes?
fscassed-head screws which bave hex-shaped (six-sided) recess call for which
tvpe of wrencil :
“hat are same of the basic rules to keep in mind whern using wrenches?
Mzme two types of screwdrivers.
When using a screwdriver why is it important to select tha proper sizs biaded
Scrawdrivers with square shanks are used for what purpose?
%Whatr is a pinch bar vsed for?
Mame saveral Eypes of pliars.
Name severzl types of m=rtal cubting tcols.
When cutting medium or heavy-gaze Detal with seips, why is 1t importent to
cut ounrside the layouhb Line? _
When using a hacksaw, how mush downward pressure should be applied-~{a} on
forward stroka? (%) an the back stroke?
Mame sevaral types of chisels,
Swiss-Pattern or Jewelers files are used on what fype of work?
Wnat is the purpose of a file card?
Way should a2 £ile msvar he nsed as = pry!
What is the purpose of & weamer?
What is the purpose of a countersizk?
Nams Lwo pabts of a twist drill,
What ara the most common types of bteps?
Tube cutters should enly bz us=d to ¢ut which mazals?
Name several types of woodwerking saws.
What is the purpose of a vernier scale oo a micrometar?
Under what condicions should sicple calivers be used?
Hame sevaral types of micromsters and aiplain their use,
For what purpases avs sghares used?
A thickneas (feeler) gzge iz used for what purpose?
Yhat are the two types of power used to d-ive powver tools?
When using electric powar tooks, why is it dimporiane Lo properly prouvnd the
tools?
A belc sander i3 superior to a disk ssnder for sweothing the flat suriaces of
boazds. Why?
What does the term £-32 mean when applied Lo mechine scoews?
Some cap screw hzads have drilled holes, Woy?
tnder whab conditions would sabserews be used asc ayT
Why are washers usaed?
what iz 4 pilat hole?
Thiz mote may appear on 2 blueprimb: 3/4-I108F-3
fa) what does tha 3f4 indicata?
{b1 Hhzt dos=s the 14 mean?
{c) Whar is the meaning of X¥F?
{(4) ¥har dpes the losk ausmber 3 indie
Describe tha tera laving ouc?
The mushrags Sead of a cnisel refers e wos=t?  Zow would tnis coaditdon Te

et
"
2

£a?

H]

Tarpalad?

Trior to usiag = miist 4rill oa brass, what must 2 donz f2 th2 Arill anc ehy?

T
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Review Questions (Continued)

47,
£3.
%39,
30,
L.

Counter boring refers o what?

Hacksawa hawing 32 tzeth per inch are ssed to cut what type of materials?
Does a glass cutter astu=lly cut the gless? Explain,

Deseribe how = zechanic would resgve = hroken bolt znd retap the hole?

How is oetal, to be staaped with leitsy dies, essted to bz sura tha =erzl ol
net dapzze the lecter dies?



Abrasive clath, 122
Abrasive stick, 1la
Abrasive shesls, 112
Adjustable dies, 33U
Adz, &7
avger bits, 18, 102, 127
Ancomatic drill, 103
Aves, 47

sharperning, £8

Zall-peen hammars, 1
Fench grinder, &3
Bench visze, &1
Bics
expansive, 103
auger, 1&
it gage, 105
Block plane, 17
nomeaclaruere, 15
Bobs, piumb, 92
Bolrs, O%
rethreadiaog toel, 13%
types ok, /1
threads pet imch charv, 71
Bolt euckters, 132
Folt estractor, 149
Bolt, threadiag die, 37-35
Brick crowsls, 50
Breazt dzfll, 147

Calipers, 24

caliper square, 25

copbination firm joinr, 94

firm joinkt, 5S4

hermaphrodics, &5

inside use, 77

microserer, 27-31

.outside use, 77

pockst slide, 77

vernier, 25
Cangerews, 71
Carpenters lLevel,.
Carpeaiar S5qUiYe,
C-clemn, &1
Cement Erowals, 30
Certer punch, S0

32
32

Chipping nawmmer {pneumatic), &l

Chisals, wood, 19, 110-11Z2
common bupes, 10
peral cutting 124-177
Cormbination sguare, 33
Common rule, 73

Copper, {(soldering tron), &%, 130

Cotter kays, nins, 71
Councezsipks, 13
Cross-cut saw, L&

Crowbar, 24

1=
LA k]

TOOL INDEX

cur—aff saw, 40
Gucters, pipe and tubing, 45
Cutting pliers, 22

bDecimal wule, 73

Depth gzge, 3%

Dial indicator, <4

Dies, 37-39
adjustabie, 37
bolt threading, 134
pipe, 132
thread Testocing, L34
uses of, 37

Dividers, 55

Dowel pins, 73

Drawknife, 101

Drills
mAsonTy, &9
pneumdtic, 58
portable eleciric, 52
push, 1038

Drill pressas, B2-463
bench, &2
controals, o
nomenclatuere, a3
upricht, &3

Drills, twisz, 12, 118-121

Electric drills, 32

Fxtractors, screw, boli, 147
tap, 148

Bxpansive bits, 103

Feeler gage, 34, 33

Files, Etypes of, 10
cars af, 11

Flaring tools, pige, 53

Folding tule, 75

¥racticn Ttule, 73

Framing squars, &1

Gages, measuring, 34-37 °
depth, 34
marking, 37
screw piteh, 37
sneet meatsl, 31
saall hola, 35
surfzce, 3%
telescoping g2Zes, 23
thiclness, o=
chread, 38
wire gage, 36
Gaghket punches, 23
Glassecugeer, 143
Grinder, oS=och, £3
grindsTs, &5

-



Hacksgaw, 140-142
rapd, l&0
poyer, G2
Hamasrs
CECPREOLET S, 2
chipping, poeumatic, 61

tandle Teplacing, 3
machinisrs, 1
=miguga oI, 3
Hand 4-1l1, 104 I
Handsaws, 1%
care 2f, 16
nomenelabure, 15
special, 15
Eyoes of, 1%
Hatchelb, &8
Hermaphrodite caliper, 83
Hole gzges (=mall), 36 °
Epolk tule, 24

L e

Indicaters, £izl, 24
Inside calipez=, 2%, 77

Levels, leveliez, 91-33
Locking pliers, L&7

Machine toels, AZ-65
bench grindec, 63
cut-off za:r, 67
¢=ill presses, 62-~A5
radial arm saw, 67
Mz2lleks and sledges, 2
Mzrhking =age, 37
use, &7
zsonry deills, 40
Measuring tools, 24-37
calipers, 24-27
mierooeters, 27-31
rules zod Lapes, 29
vernier scale, 25
Meitel cutring tools, S-14& .
chisels, 10 &
files, 10
hackzaws, 9
snips, 3
ezl punchecs, 23
Micrometers, 27-31
cazs of, 2
nameaclatierg, 29
Teading, 29
selecting o, Z7
slesvs, tnionle scales, 29
Cypes of, 27
Hicramater rsadinz, 51
ety

=av wrensn, O
Wails, &3
gize cherz, 7

Kuts asnd washecs, 72

[}

|==

gilstone, 123
Qutsice caliners, Th

Tigks, 30

ileor dxill, S0
Blacnbzr, 31

Figs cutrers, 43, 139
Pige flarics tools, &3
Tillipng screwdriyar, 20
Qilapes, 13-13

zdjusting of, 17
—abbit a2nd filljister, 13
Pligrg, Z1-23
cucting, 22
side cubiing, 22
viza-grip, 22
waterpump, 22
Plumb-5Soz, 52
Preomatic power tools, 55-62
chipping hammer, &1
criil, &0
irpacrt wrench, 62
BPower hacksaw, 142
Power taolsz, electric, 52-38
circular saw, 55
tills, porcable, 52
impact wrench, 37
sgoer gaw, 57
sanders, 33

Drick punch use, 29
Puncnes, 23
casker, 23
oetal, 23
Posh ostick, 103

cizl zrm g=w, 6F
Bztchet gorewdrivers, 21
Rea 12-13
Bzthreading tool, 134
Rivets, 135-137

RFules and capes, 24

sznders, 33
belt, 33
dislk, 33
proiral, 3&

Szus
circulaz, 33
cuz-off, electyic, G7
heck, 1&0-1472
pand, %7
cedial arm, 67
gacer 37

crewarivers, 19-21

Scoew extreciors, &0

Zorgw piteh geme, 83

SeTaws, wood, A%
CEDsCTews, 71
machips, 70
THpes oI, 7



Setscrews, 72 : Yerpier calipers, 23, 80

Sharpeming scomsd, 5% reading of, 25
care of, 44 Veraier scale, 25
Shavels, 31 Vises and clzmog, 41-54
5ide cut:iing plistrs, 22 cats oi, &1
5lidinz T-bavel sguare, 32 gafety pracautions, 45
2mall hole measuring gage, 35
Spnips=, 4 Washers, 73
Soldering irens, 44 Wheel dressers, 113
cuzms, 33 Wire gagze, 2&
5alid dies, 37 Woad chisela, 19, 1ip-112
Srael tape, 75 Woodcutting taadboals, I4-19
Stad use, 72 WoodscTews, BS
Surface ga2ge, 34 typas of, 71
Sguares, 1z2-34 Hrecking bars, 31
care of, 35 Wreaches, 3-%
carpactar, 32 adjustabla, =
combimation, 33 Allen, &
sliding T-bevel, 32 box-end, &
try, 32 chalino pivz, &
Surface vlate, uvse, 34 impact &lscizic, 57
monkey,

open-end, 3
rulez for usz, &
socket, 3
spaonar, &
torque, 3

Taper pin reager, 133
Tap extractors, 40
Taos and dies, 37-40
Tap wrenzh, 29
T-bevel square, 51
Telescaping gage, J6
Yhread chasexrs, 50
Thread gage, 38
Thread rtestorer, 134
Trammaell points, 28
Trowels, 30
Tvy square, 22
T-squars, 87
Tubing cuttzrs, %5
“Flaring , 144

(=0 ]

Teist drills, 127-129

|
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COPERATION: INDEX

Lorasive Wheels, 112

dressing, 113

=etal stock goinding, 114

standard parking, 112
borurats drilling, 20
Adjusting

plane for cutting, 99

T-bavel square to setiing, 91
Allen nead capscrews, removal, 1590
Aluminum, soldeciap, 134
American Standard pipe cap gizas, 134
Angle checking, sguave usa, 51
Angle, laying out, E3-34

90% and 45%, 8%

T-zquare use, &7
Apger bic, 102

gize marking, 103

Eench lewvelipg, 92

Eending, merallic tubes, 146
benders, types of, 146
tupbae flaring, 147

Bit sharpening, 102-104

Bopard gawing, %7/-29

Bolt measuring, length, 71

Boring holes {wood), 104
push drill use, 1GH.
througn holes, 104
to requirved depth, 104-106
twiszt drill use, 106

Brokern, Bolts, vemoval, 148
Allen head capscrews, 149
sxtractors, 150

Broken -tap remowal, 150
eiracors, lJG

Calipers (measuringy, 76-77
between surfaces, 75
flan stock, 76
hola diamecers, 77 -
inside diamstsca, 77
pockat slide, 77
round stock, 76
setting of, 83
Center fimding, vound ateck, BS
Ceoter punch use, 90
sharpening, 115
Chamfar planing, 132
bevel testing, 91
Chisal use, 104¢
gcrags gosin, 110
chazfering, 111
coTaers, cooves, L1
Wwith g=-ain, 02
Circular saw usa, S8
Clearance creckicng, 53

Cochbinaztioa square uwse, 33-23
zngle checking, %1
angle drawing, 04
cegncer Finding,

layours, 33-8

3

B5

parallel lines, B4
glot depth measuring, 78

squaTing stock

Coc—=ot: Tule vse,
Carzecting micrometers, 82
Countersink holes,
Cu=ve lenrsn =mgasuring, 17

Cui

ting

-z

7

glass, 143-143
machine threads, taps, 131
wachine threads, dies, 133
pipe threads, I1353-137

plpe to lengtl
sheet meral,
tubing, 139

n,

3i
3

105

139

lZﬁ—lE?

Depth gage measuring, 78

Determining size of zap and drills,

Determicing verticalicy, 92
Dressing abrasiwva wheel, 113

Dia

1l indicator,

96

shaft checking, 96
Dizmeter, measuriag ocubtside, T4-77

calipers, 77
comzon rTule,
tape rule, i

73

Diamater, _uasu.iﬂg inside, 7I-79

Die
Di=
Divi

Drawing linzs,

Ori

caliper vse,

Fii

comnon rule, 74
nicrometer caliper, 793

smzl]l hole ga

gﬂl

75

talescoping gase, 79

5, 3¥-40, 133-13%, 1B6-163
zngicn, dividingz oz, 53
ders use, 83,
cirele lavowns; 49

hole Yoeacion,

perpendicular
sarting pi, 9

1
B

109

o0
ines, 39

varaler secting, S5
Deawing cazrd tzchmiques, &7

angles, 54-Ha

dividing egually,
parallel Lo edge,

perpendicular,

1lieg

countersinkiag,
for waood screws, 105

large holes,

g0

B57-85%

[r=R]
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Drillicg {(continued)
layaut macks, 50
pilat holas, 20
push drill, 102
rhrough holez, wood, 134
OBrilling mekal, 127
center puach wse, 127
councerbaring, 129
halding work, 127-1213
spead and feed, 129
Drilling wood, 105%-109
auger bit nse, 101
expansion bits, 104
push drills, 103
to reauirzd depth, 104
twist drill use, 1085
Drill Sharpeaing, L12-121
for brass, 120
machine grioding,
point aagles, 113
procadure, 118
web thinning, 120

126

Fealer gaze use, 93
Filing operatiom, 121-123
suger hits, 102
hardoess testing, 123
mild steal, 121
round stock, 122
surface polishing, 121
Finding center round stocl, 85
compipation squaze, 25
diwider use, 38
Flaring tubing, 14§
Traming square use, &3
20° and 45 angle layeuts, 96
romnd corper layoubs, 36
Fluxes, soldering, 132 '
Glasseutiing, L43-145
glass tobing, la&
pattern cutging, 144
safery glagzs, 144
straignt cuts, 143
crinding end sharpeaing, 114
chisels, 1L&
cancer gpuncies, 113
zmeral stock, 114
screwdrivar tipsg, 113
tin gaips, 116
twisc d=ills, 113-121

Srinding wne=al uvse, 112-121
Hacksaw, pawer, 142
Hacksay, procedurs, 140
blade selaction, 141
long cuis, 13l
thin merals, 1&1

Handsaw use, 97
Height checking
d1zl indicatsc use, 28
sucface gage, 92
tiolding werl, Jrilling,
Hole measuricg
inside micrametsrs, 79
small holes, 79
telescopiag cage, 79

127

===
vernier calipers, 72
Hypotenuse finding, 55

Indicator uge, 95
Tnside diameter osasuriag, 73=76
Installing taper pins, 173

Layout work, S3-%0
angles, B4
centar findine round stock, B3
cirelas, &7
combination sguare wss, &8
drawing lines, 84
framing souare use, #7
large holes, S50
rounded coacners, squars stock, 36
T-sguare w52, 37
tramaszl peinis, wose, 39
Leveling and pluzhing equipment, 92-33
ILines, fov lzyouts, 53-20
parallel, 25
perpendiczulzars, 4%
prick punchizg, S0
scribing ©f, &3

Measuring, 73-83
accurescy, important, 83
bolt screw lewzech, Tk
galiper vse, hole, VB-77
circumfe-ence, 74
comman Tule, 73
denth gagz, 7
diapgrer, 76
foiding role usa, 74
gage, shazt &
insice,
inside, cursids surfaces, F79
micrometes usa, 75-20
pipe dismzzer, 33
pockat slide czlipevs use, 77
slot depth, coxhinarion sguara, 73
steck, T

ek =l

=20

Hetal cotbing
tolc heads, 123
ehisel wge, I24-1%25

O T4
gwoovwes, Ji1-



Matal curting (continued)
" hacksaw uza, L40-142
pipe and tubing, 139
punchas, 127
round stock, 124
gnips, 129
vize use, 124
¥ipromater caliper use, 80-82
correcting to zero, 21
flar surface, B1
inside measuring, &0
round steock, 90

-

¥ueral scamping, 157
Outside dismeter nzesuring, 73-79

Ferpendiecular lines, &8
Filot hBole drilling, 30
Pipe wmeasuring, V478
Pipe threadipg, 135-137
tabkles waed, 13&
Pipe cutting, 133
iron pipe, 129
tuning, 140
Plaunes, adjusting to cut, 102
Flaping grock co size, 100
P-lighing surfaces, 122
# bob use, 92
anching mating perts, 9
Pugh drills, 103

Eeading
mlcromerer calipexs, 29
wernier czliper, 25-32
Nezaing operetions, 137,
siza chert, 138
straight holes, 137
taperad holes, 133
Eeconditioning threads, 135
Bapoving bDroksn tools, 147
boles, studs, 147
exiractors used, 148
taps, Teamers, 148
burrs, 133

Heooving

Riveting oetals, 153-157
izrgs wivens, 138
rtiver siz=g, 134
Tivar types, 133
sheet metal, 133
geaz Tiveiing, 137
Tound ztock measuring microamster, B0

Hula vaz, 73

ing, 97

headsaws, 57
portzale saws, 35
radizl arm, 93

Scriging linas, 33
divicer use, 4
lavout, 33-20
ozrellel to edge, 87
Screw bolt extractors, 149
Seccing
dividers €0 dimengicns, B3
I-bevel squaz=, 51
firm jeint calipers, B4
inside to outside oicrometers
Shatft cuecking, %5
Sharpenipg
ayger bits, IG2
centar punches, 1153
coisels, 117, 123
pil stone= use, 123
pocker kniwes, 1213
tin snips, llé
cwise drills, 115-121
Sheet meial
cocting, 124-1Z27%
pa2ge measvring, 23
lot meesuring, 73
combinztion sguare, 78
depth zage, 7
Socldering, 130
aluminum allews, 134
iron cgre, 131
elecrrical comnections 154
fluxes, 152
cethacg, 152
ghept wetal, 133
tinning, 130
Stamping nwumsrals, leciers, 137
Stock flaimess tasting, =3
Stock mezsuring
caliper use, ¥0
dividdr uze, 77
ingide dimension=, 76
micrometer ws=, S0-B2
autgide dimsnsions, 76
rulz use, 75
Fape, use, 735
thickness, 73
Stock plaping operarficos, 9%-I101
Stripping wire, &5
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Surfazce gege

s 95

center finding, 22

elzht checkiznz, B4
Surisce measuring, 93

micrometer wse, 0

Tables, Ilnfarmatieox
gtrasive whez: marwings, Li2
caliper poinz zllowances, 27
common wire 2=ils, 70
mEtCic CEasuse vernies sczles, 23



Tables, infarmation {contimued)
pipe, tap and drill sizes, 134
pipe, thread dimensions, 136
rivet selection, use, 154
screw, bolt extracfors, 142
screw threads per imeh (NG, IF
soldering flux uses, 152
stenderd wire gagea, J7
taper pin sizes, 138
tapar raamar diazmeters, length, 138

T-bevel square, 9L
adjustizng of, %1

Tzp removal, 148
extractors used, 149

Tapping holes, 131-133
bortooing tap, 133
drill sizes, 131
in pipe, 135
procadure, 132

Tape, measurinag use
outside diamater, 74

stock thickness, 74
T=sting, 93

angle trusnass, G5

chamfer, %1

rlearance, 93

flatnsss, 93

metal hawrdress, 123

wheel trueness, 96

Threzad euttimg, 130-137
pipe, external, 136
pipe, internal, 135
reconditioning toals, 13%
round stack, 134&
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with taps, 13l
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an

ino
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“Tegl Sharpening, 11l53-1Z21
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band sramn= usg,
machine zZrindin
Torch soldaricg, 1
Trueing, wheals, shafcts
Tuning
banding,
cutting,
Twist drill
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sharpeaing, 115-120
web thinning, 120
wood use, 106-103
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flaring, 140
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Varpier callper use, 79
verticality deteraining, plusmb baob, 92
Wwheel checking, troeness, 30
Wire stripping, 145
Wood chisel use, 109-112
Woodeutting operations, 97-112
chizeling, 105-113
hole baorinz, 104-100
planing, £9-102
gaving, F/-%27
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Decimal Equivalents of Numker Size Drills
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